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GROUND-WATER RESOURCES INVESTIGATION 
IN THE AMRAN VALLEY, YEMEN ARAB REPUBLIC

By G. C. Tibbitts, Jr., and James Aubel

ABSTRACT

This report, based largely on intermittent field work from November 1974 
to March 1978, describes the results of hydrologic studies and exploratory 
drilling to evaluate the water-bearing properties of the unconsolidated 
alluvial sediments and associated rocks in the semi-arid "kmran Basin in 
north central Yemen Arab Republic. The investigation and test drilling 
were undertaken jointly by the Government of Yemen Arab Republic and the 
U.S. Agency for International Development with technical assistance from 
the U.S. Geological Survey and the American peace Corps.

The Amran Valley extends approximately 45 kilometers northeast to 
southwest and averages 6 kilometers in width. The area described in the 
report covers about 800 square kilometers and lies at an altitude ranging 
from 2,100 to 2,300 meters above sea level (pi. 1, inset B). Most of 
the population of 64,777 lives in villages and small towns and subsists 
on locally grown crops and livestock products. Small-scale farming, based 
on irrigation from wells and, in part, on rainfall, is the chief occupation 
of the area. Dug and drilled wells equipped with pumps provide much of 
the water for irrigation.

Wells drilled in the unconsolidated alluvial fill of the south-central 
part of the valley have the highest yields. Wells penetrating the limestone 
and volcanic rocks occurring elsewhere in the report area generally have 
low to no yield except when located in fracture zones. Basalt flows occur 
interbedded with the wadi alluvium at several depths. A major basalt 
flow outcropping northeast of Raydah restricts ground-water flow to the 
northern part of the basin. Rocks cropping out in the *Amran valley range 
in age from Late Jurassic to Holocene.

Observation well and rain-gage networks were established in the basin 
in 1974; since that time selected wells have been measured periodically. 
Water levels in most wells throughout the area have declined during the 
period of record. In the area of heaviest pumpage, near the town of Amran, 
water levels declined at a rate of 2 meters per year during a period of 
above average rainfall. The water resources of the area are currently 
(1978) overexploited and water conservation measures should be instituted. 
Such measures should include limiting pumping for irrigation, prohibiting 
new well construction and deeping of existing wells, and lining of irrigation 
canals to prevent loss of water through leakage. Pumping tests conducted 
during the investigation show the ground water occurs under semi-confined 
leaky-aquifer conditions in the valley fill.
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The chemical quality of the water from the unconfined and semi-confined 
aquifers in the area is generally good and suitable with few exceptions, 
for domestic supply, livestock support, industry, and irrigation.



INTRODUCTION

This report summarizes data collected during studies of the ground- 
water potential and the geohydrology of the ̂ mran Valley, Yemen Arab Republic. 
Field work was done intermittently from November 1974 to March 1978. 
The report, in part, also presents conclusions regarding the occurrence, 
quantity, and chemical quality of ground-water in the alluvium, volcanics, 
and limestone bedrock of the area of investigation. Accompanying tabulations 
present the basic data on which the report is founded.

The present investigation of the ̂ mran Valley area, a principal element 
of the Water Survey of North Yemen project, has been sponsored jointly 
by the Yemen Arab Republic Ministry of Agriculture and the Ministry of 
Economy through the Minerals and Petroleum Authority (MPA), and the United 
States Agency for International Development (USAID). Technical advisors 
were assigned to the project by the United States Geological Survey (US6S). 
The American Peace Corps assisted by detailing a geologist assigned to 
the Ministry of Public Works (MPW), Department of Rural Water.

The Government of the Yemen Arab Republic has begun the development 
of its internal capability to appraise, develop and manage the nation's 
water resources. Although appraisal of the ground-water potential at 
a given site was often an integral part of the development project, heretofore 
such appraisals were largely the work of expatriate consulting firms.

Over the period of this project, however, Yemeni personnel were assigned 
to the geohydrologic investigation of the Amran Valley as well as to water 
investigations elsewhere in the Republic. Many aspects of training in 
the multi-disciplinary science of hydrology are best accomplished by working 
on actual field investigations. Accordingly, personnel from the MPA, 
and Yemeni nationals hired by USAID were assigned units of field and laboratory 
work involving well inventories, hydrogeologic mapping, exploratory drilling, 
geophysical well logging, aquifer testing, sample descriptions utilizing 
a microscope, observation well monitoring, and the collection of meteorological 
data. On becoming proficient in one skill, personnel were rotated to 
other tasks for additional training. Also, 5 geology students and 2 general 
science students from Sana (San *af) University were employed by the project 
during summer vacations for a total of 6 to 9 months each of on-the-job 
training in the previously mentioned aspects of work.

In addition to the on-the-job training, two participants were sent 
to the United States for further training. One field assistant studied 
basic drilling techniques for 3 months at the J. Sargent Reynolds school 
in Richmond, Virginia. One geophysical technician spent 7 months with 
USGS personnel at several locations in the United States. This training 
consisted of a 2-month course in hydrologic techniques and 5 months of 
training in field and office procedures.

As ground-water resources of the Amran Valley were poorly defined, 
the major effort in the investigation was necessarily directed towards 
test drilling and aquifer testing. During the project field operations, 
2 rotary drill rigs with down-the-hole air hammer capability were assigned 
by the MPW to accomplish the test drilling.



Location and Extent of Study Area

The area of investigation referred to as the 'kmran Valley lies entirely 
within the Sana a*Province or Covernerate, and consists of parts of the 
Thula, Arhab, and'lyal Surayh districts in the £an ra7 Subprovince and all 
or_parts of the Wiran, As Sawd, As Sudan, Jabal*Iyal Yazid, Raydah, and 
Dhi Bin districts in the'Amran Subprovince (pi. 1). The area is located 
in the north-central part of the Republic between 15° 30' and 15° 55* 
North and 43° 45' and 44° 15' East and covers approximately 800 square 
kilometers (km ) (fig. 1). The area extends about 45 km northeast to 
southwest and averages 6 km in width. The northeasterly limit is the 
border of the Dhi Bin District and the southwesterly extent is the limestone 
escarpment in the Thula District. The districts of ^mran, Jabal lyal 
Yazid, and Raydah_comprise the major part of the study area. The names 
Qa al Bawn al Kabir and Qa at Hamudah are commonly used on maps to designate 
the Amran Valley..

Well Numbering System

The test holes drilled by the project are identified by name on plate 
1 and numbered serially at each test site. Wells from the well inventory 
table 5 are grouped by area on the map beginning in the Qa at jlamudah 
area in the northwest part of *Amran Basin and the numbering proceeds serially 
by groups to the southern end of the valley.

Economic and Cultural Features

Amran, the largest town in the Amran Valley, has a population of 
3,298 and Raydah, the second largest town, has a population of 1,637. 
The numerous remaining villages in the area all have less than 1,500 inhabitants 
each. The total population for the three districts of'Amran, Jabal lyal 
Yazid and Raydah is 64,777. The all weather road extending from Sana, 
the capital, to the Kingdom of Saudi Arabia border in the North, connects 
Amran and Raydah. Another all weather road under construction will connect 
*Amran to the Tihamah coastal plain to the west via the village of jlajjah. 
The valley floor is criss-crossed with numerous tracks that become impassable 
at times during the rainy season. Rains, however, are intermittent and 
most tracks are closed for no more than 3 or 4 days at a time. The two 
towns of Amran and Raydah are major trade centers for thousands of people 
living on the higher plateaus that surround the valley and there are a 
number of very steep and difficult trails connecting these towns to the 
top of the escarpment. The highway from the Kingdom of Saudi Arabia is 
heavily used as a major truck route to bring imported goods to the Yemen 
Arab Republic, and therefore, many items of foreign manufacture are available 
in the Amran Valley, some of which cannot be found elsewhere in the country.

I/ All population figures are based on the Housing and Population Census 
of 1975, as shown in Volume No. 5: "Data Bank of the Population Census 
1975," by the Swiss Technical Co-operation Service.
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Figure 1— Map of Yemen Arab Republic showing study area.



EXPLANATION OF ADMINISTRATIVE BOUNDARIES USED ON FIGURE 1

Figure 1 shows boundaries and names of provinces in the Yemen Arab Republic. 
Also shown are the report area and the district boundaries within that area. This 
area is shown at larger scale on plate 1 as an inset index map in order to show 
the names of districts and other administrative areas.

Administrative subdivisions of the report area, and index map gazetteer

Report name BGN approved standard name

Province of Sana

Subprovince of Amran

District of Amran 
District of As Sawd 
District of As Sudah 
District of Jabal lyal Yazid 
District of Raydah 
District of Dhi Bin

Subprovince of Sana

District of Thula 
District of lyal Surayh 
District of Arhab

Liwa; San a7

Qada' Amran

nv 
nv 
nv 
nv

, Nahiyat Amran
, Nahiyat As Sawd
, Nahdyat As Sudah
, Nahiyat Jabal 'lyal Yazid

nv, Najiiyat Ray_dah
nv, Nahiyat Dhi Bin

Qada' Sana*

nv, Nahiyat Thula (BGN, Thila)
nv, Nafiiyat (Iyal Surayh
nv, Nahiyat Arhab

Note.-Information source: Yemen Arab Republic, 1977, Preliminary Report No. 5, 
Databank of Yemen's Population and Housing Census, 1975: Zurich, Switzerland. 
This publication follows the BGN/PCGN Systen. Administrative names qualified 
above as not verified (nv), are not listed in the current (1976) BGN gazetteer 
of the Yemen Arab Republic. Underlined names are BGN short form designations.



New building is intense along the highway, and the towns of Raydah and 
Amran are growing rapidly. In a year's time, four petrol stations were 
being built over a distance of about 15 km. Agricultural development 
and general growth in the more rural areas away from the highway, appear 
to be decreasing, at least temporarily, owing to the lack of farm laborers. 
The problem of labor shortage is common to all of the Yemen Arab Republic 
since the higher wages available in Kingdom of Saudi Arabia attract much 
of the working population. According to the previously cited 1975 census 
figures, 26.5 percent of the population emigrated from four of the districts 
in the area to seek work elsewhere. The only major government facility 
in the area is a large military camp located at the southwest edge of 
Amran town. Future development plans include a cement factory nea-r Amran 
town. The West German Agency for Technical Cooperation (GTZ) program 
for the area includes a 2-year feasibility study of rural development 
in agriculture, secondary roads, and village water supplies.

Previous Investigations

The basis for planning the present investigation was provided by 
James R. Jones, USGS, and Stanley M. Remington, USAID, who completed a 
reconnaissance study in early 1973 and proposed the present ground-water 
investigation of the Amran Valley. Previous ground-water investigations 
in the Yemen Arab Republic have, for the most part, been limited to spot 
studies of specific areas by consultants or foreign donors although some 
of these studies have been rather extensive. It is believed, however, 
that the Amran Valley study is the first such investigation undertaken 
by the YAR using appreciable Yemeni technical personnel and equipment.

A preliminary report on the geohydrology of the ̂ mran Basin, based 
largely on data supplied by the project, was prepared for the GTZ by the 
Federal Institute for Geoscience and Natural Resources in 1978.
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GEOGRAPHY

The Yemen Arab Republic is divided into three major physiographic 
provinces. From west to east, these provinces are the coastal plain, 
the mountainous region, and the interior plateau. The Araran Valley lies 
entirely within the interior plateau physiographic province at altitudes 
ranging between 2,100 and 2,300 meters (m) (pi. 1, insert B). The valley 
is bordered on all but the southern side by steep limestone escarpments 
ascending from 400 to 800 m above the valley floor. The main axis of 
the valley is oriented southwest-northeast and is approximately 45 km 
in length.

The valley floor is, for the most part, flat and undissected. The 
alluvial deposits within the valley consist of windblown silt, loam, sand 
and pea gravels. At some locations, extensive lag gravel deposits predominate. 
At other scattered locations, large midden mounds (ancient rubbish heaps), 
likely dating from the Himyarite civilization, occur as low symmetrical 
hills. These midden mounds contain deposits of red clay pottery shards. 
A particularly prominent midden is located southeast of Raydah near the 
base of the escarpment.

Surface drainage is northeast_towards the Wadi al Knarid (fig. 1) 
that, in turn, drains into the Wadi Jawf. Although there are no perennial 
streams^in the area, surface inflow enters the valley from the south via 
the Wadi Dayan following seasonal rainstorms. Often intense rainstorms 
also contribute to sheet flooding which delivers large quantities of water 
and accompanying erosional debris to the valley floor. The writers observed 
a localized rainstorm during August 1975 that fell on the escarpment above 
Al Gusair in the north end of the valley. Although the storm lasted only 
about 20 minutes, the escarpment face in the immediate vicinity was quickly 
flooded and runoff continued for about 2 hours after the rainfall ceased. 
The resulting temporary rivulets flooded a 6 km area south of Al Gusair 
on the Qa at Hamudah (Hamudah Plain). The entire process from the start 
of the storm to the time when the basin ceased filling, took about 2 1/2 
hours.

The valley narrows to a width of approximately 1 km east of the town 
of Raydah where a recent basalt flow largely blocks the drainage. Otherwise, 
the intermontane valley ranges between 5 and 10 km in width. Smaller 
tributary valleys, oriented east-west, branch eastward from the main valley
at Amran town; the Wadi Qumamah, and north of Raydah; the Qa at Hamudah.*-^

2 fOf the total 800 km of land in the Amran basin, only an estimated
200 km are farmed. This is due, in part, to the fact that, in the center 
of the valley, the soils consist largely of sand and do not retain irrigation 
water. Locally, and for more limited areas, such conditions as midden 
mounds and exposure of bedrock also make farming impractical. The intermittent 
flow from desert rainstorms is channeled to farm fields. At times during 
the rainy season, much of the valley is subject to flooding although these 
floods are usually of limited areal extent.
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CLIMATIC FEATURES

The area described in this report has semi-arid climate marked by 
sporadic and scanty rainfall, abundant sunshine, violent wind movement, 
wide diurnal and seasonal range in temperature, and low relative humidity 
except near the irrigated farm areas. The higher relative humidity is 
localized in and around areas of natural and irrigated vegetation as is 
characteristic of a semi-arid climate and results, in part, from evaporation 
from free water surfaces.

From the short period of available record, annual rainfall within the 
Amran basin ranges betwen 200 and 500 millimeters (mm). Storms are usually 
short, intense, and often localized. In the ̂ Amran valley, rain gages 
as close as 10 km apart have recorded differences in precipitation of 
as much as 50 mm on the same day. Since much of the agriculture in the 
area is dependent*, in part, on supplemental irrigation from wells, this 
variability in rainfall chiefly affects the availability of vegetation 
for grazing. A year without any rainfall in an area, however, may mean 
that farmers will not attempt to start a major crop such as wheat. Sorghum, 
on the other hand, can be raised on rainfall alone in the wet years.

Rainstorms mainly occur in August and September and, in some years, 
continue into October. This period constitutes the principal rainy season 
during most years. There is a shorter rainfall season beginning in early 
May and continuing into June. Sporadic storms may occur at other times, 
most likely in December and January, but these months, like the remainder 
of the year, can be completely dry.

The project operated 4 rain gages in the Amran Basin during the period 
of investigation. These gages, which continue to be part of the hydrologic 
network for the Republic, are located, south to north, at Thila, Al Jannat 
(Jannat), Menjidah (Menjeda), and Raydah. In addition, German Technical 
Cooperation (GTZ) maintains a rain gage located between 'Amran and Raydah 
approximately 200 m east of the main road near Jub as Sulfa (coordinates: 
44 00' 30"E, 15° 40' 00' N). The gage at Thila recorded 490 mm of pre­ 
cipitation during 1976 whereas the gage at Raydah registered only 167 
mm; reflecting the localized pattern of desert rainfall. Annual precipitation 
at Sana south of the valley, ranged from a high of 388 mm in 1975 to a 
low of 202 mm in 1977. Rainfall data for the 5 'Amran Basin stations and 
Sana are shown in table 1. A longer record for Sana however, shows an 
average.annual precipitation of 300 mm. This figure is likely applicable 
to the Amran area.



TABLE 1.—Annual rainfall, in millimeters, Amran Basin and Sana 

Station 1975 1976 1977"" 

Thila 255 490 NA 

Al Jannat (Jannat) 362 250 305 

'Amran NA 283 NA 

Menjidah 304 290 188 

Raydah 388 167 202 

Sana________________________392_______225_______202

The notion of a short and a long rainy season each year describes 
conditions recorded regionally over the longer term. Records for individual 
rain gages do not necessarily follow the same pattern in the short-term. 
For example, the heaviest monthly precipitation occured during March at 
the Al Jannat stations in 1976 when 4 storms occurred during the month. 
Records from the other 'Amran stations, however, tend to reflect the regional 
rainfall pattern even in the short-term. The greatest number of storms 
recorded during a single month for the period of record was twelve. This 
frequency was recorded three times; at Raydah during August 1975 and at 
Thila during both May and August 1976. The establishment of a field head­ 
quarters in the Amran Valley made possible daily checking of the rain 
gages for at least part of the time on some of the stations, during the 
period of investigation. Table 2 shows the month of highest rainfall 
and the number of storms during the month, during times when it is known 
that the gages were serviced daily. Personnel limitations precluded daily 
servicing of the gages at other times and, accordingly, when the gages 
were not serviced daily it is not known whether the measurements record 
precipitation for a single or several storms during a given month.

TABLE 2 - Month of highest rainfall and, when measured daily, the number 
________of storms during month, *Amran Basin (NA; not known)_______

1975 1976 1977
Station Month Storms Month Storms Month Storms

Thila

Al Jannat

Men j idah

Raydah

July

August

August

August

NA

3

9

12

May

March

May

May

12

4

NA

NA

NA

October

May

May

NA

NA

3

NA

Temperature observations made during 1976 at the German Technical 
Cooperation station are summarized in table 3. The extremes recorded 
during that year were 28.4 C in June and -0.4 C in January. The annual
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average temperature was 14.6°C. The*Amran area was cooler by 1 to 2 degrees 
throughout the year than Sana. In the spring and summer, hot, sand-laden 
winds, usually of short duration, parch man, animal and plants alike.

f So far as is known, no other meterological data were collected in 
the Amran Basin during the period of investigation.

TABLE 3 - Monthly maximum, minimum and mean temperatures in degrees Celsius for
1976 at the GTZ Station Amran Basin

Month Maximum Minimum Mean

Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

22.0
23.4
24.3
23.9
25.2
28.4
26.7
26.1
24.0
21.4
17.7
19.3

-0.4
3.4
7.3
7.2

10.0
8.2

11.0
9.6
5.7
4.1
2.2
0.9

10.8
13.4
15.8
15.6
17.6
18.3
18.9
17.9
14.9
12.3
10.0
9.2

Year 28.4 -0.4 14.6
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AGRICULTURE AND INDUSTRY

Small-scale farming, based on irrigation and, in part, on rainfall 
is the chief occupation of the area, although the grazing and sale of 
livestock also provides agriculture income. Dug and drilled wells equipped 
with pumps provide much of the water for irrigation. Agricultural activity 
is on the decline in the area, however, due to the migration of farm labor 
seeking higher wages in the Kingdom of Saudi Arabia and elsewhere. Consequently, 
care of the family farm is often left to the women and children who remain 
behind. The decline of agricultural activity is shown by the general 
deterioration of terraced farm land surrounding the valley. Once breached 
by runoff, these terraces require immediate repair to prevent destruction 
of the enclosed farm land by erosion. At the present time (1978), there 
is neither sufficient labor nor sufficient financial incentive to effect 
repairs and considerable terraced farm land is being destroyed.

Alfalfa is the most important local forage crop and is an important 
source of farm income. Wheat and sorghum are the most important cultivated 
grains in the area. A variety of garden vegetables are raised also, chief 
among them being potatoes, onions, tomatoes, melons, peppers and beans. 
A few grape vineyards are scattered throughout the eastern part of the 
area. "Qat" a small tree producing a leaf which when chewed produces 
the effect of several cups of coffee, is grown on some of the terraced 
fields. Sale of Qat production in excess of family use can be very profitable.

Livestock, chiefly sheep and goats, and livestock products are major 
sources of agricultural income in the area. Animals graze in the surrounding 
highlands in the winter and are fed supplemental fodder, usually alfalfa, 
during the rest of the year. Cattle and camels are not numerous, but 
most farms have at least one for plowing or possibly milking. Some poultry 
and rabbits are raised, mostly for local consumption.

Water for irrigation is a limiting factor in agricultural production 
in the Amran Basin. Although many areas are unfit for farming owing to 
the type of soil, given adequate irrigation many other areas now unused 
could be cultivated. Further, lack of technical knowledge and skills 
in water conservation, irrigation practices, soil drainage, and farming 
methods prevent better agricultural production.

Cottage industries are virtually unknown in the area except for some 
basketweaving and pottery making for family use. Almost all qtensils 
and tools are purchased from outside sources. Small scale quarrying of 
limestone and basalt blocks for building is a minor industry as is the 
open pit mining of sand for cement. There are no large industries in 
the area, but a cement factory is planned for a location near Amran town. 
The water requirement for a cement factory is considerable and carefuly 
consideration should be given to the priority of water allotment. It 
is unlikely that the industrial, agricultural, municipal, and domestic 
water requirements can be met simultaneously from the ground water resource.
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IRRIGATION

Before the widespread introduction of turbine pumps in the early 
1960's, irrigation from wells was limited to small plots of alfalfa and 
vegetables. Water was raised from dug wells by the means of animal power. 
After the introduction of turbine pumps, irrigation increased and field 
size expanded. Water levels in the dug wells, however, began to drop 
and deepening wells either by digging or with a drill rig became the rule. 
In the central part of the valley the bottom of the water table is commonly 
marked by a basalt bed which usually precludes further deepening by hand. 
These basalt beds are interfingered with alluvial sediments that are water 
bearing both above and below the basalt. Where basalt was encountered, 
a drilling rig became a necessity if the well was to be deepened further.

The irrigation method used in the*Amran Basin involves flooding the 
field and allowing the water to stand and infiltrate. Irrigation water 
is spread to fields by way of unlined ditches; leakage and consequent 
waste of water can be considerable. In sandy soil, losses from unlined 
irrigation ditches can range up to 70 percent although in clayey loams, 
the waste factor is nearer 10 percent. There are several general practices 
that are important to the overall effective utilization of irrigation 
water. Chief among these is the use of lined ditches to prevent the waste 
of water by leakage. The construction of lined canals, however, is usually 
beyond the financial resources of individual farmers in the 'Amran area. 
Sprinkler, trickle and perhaps other irrigation methods undoubtedly would 
increase irrigation effectiveness and conserve water.

Field infiltration rates range from 1.5 mm per hour for clayey tilled 
soil to 150 mm per hour for sandy undisturbed area (personal communication, 
GTZ). There are an estimated 2,000 hectares of land irrigated by either 
channeling, direct rainfall to fields or from wells, in the 'Amran Basin. 
Much of the arable land is suitable for mechanized farming and larger 
scale irrigation. A limiting factor, however, is the availability of 
ground water.

GEOHYDROLOGY

Rocks in the Yemen Arab Republic range in age from Precambrian to 
Holocene (pi. 1 and table 4). Precambrian rocks, primarily granite gneiss 
and mica schist, are exposed in deeply incised wadis 10 to 20 km west 
of the Amran Valley. The Kohlan Series of Early Jurassic age unconformably 
overlies the Precambrian rocks at these same locations. The Kohlan Series 
in this area ranges upwards to 150 m in thickness and consists of massive 
white sandstone interbedded with thinner beds of conglomerate and violet 
fine-grained sandstone. The oldest formation cropping out in the Amran 
Basin, however, is the Amran series of Late Jurassic age. The contact 
between the Kohlan and Amran Series, though not exposed in the 'Amran Basin, 
is gradational with no break in sedimentation.

The Amran Series crops out over a large part of the northern third 
of the Yemen Arab Republic extending northwards from Shibam, 20 km south- 
southwest of %nran town to Sa'bah. In the area bound roughly by latitudes
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TABLE 4.—Generalized stratigraphic section for 'kmran Basin and nearby 
areas, Yemen Arab Republic.

QUATERNARY

Alluvial deposits
Loess, loam, silt, clay, sand, gravel, and boulder erratics. 
Principal aquifer in area where significant thickness of unconsolidated 
permeable sediments occur at depth. Very fine and surficial 
deposits not water bearing. Thickness exceeds 300 m at some 
locations. Interbedded with basalt layers.

Younger volcanics

Dark grey to black basalts. Not proven to be aquifer in report 
area. Essentially unexplored; 5 dry test holes drilled in lava 
flow northeast of Raydah. Ground water occures in fracture 
zones, tubes, and along bedding plains in volcanic rocks. In 
Sana area wells penetrating similar rocks can have large yields. 
Thickness unknown, but exceeds 200 m as proven by test drilling. 
Occurs on the southern and eastern flanks of report area.

TERTIARY

Medj-Zir Series
Predominantly fine to coarse grained crossbedded continental 
sandstone with lenses of conglomerate and gravel and interbedded 
shale; upper part rich in hematite. Cannot be separated from 
underlying Tawilah Group on the basis of stratigraphic relation­ 
ship.^ Pair to good aquifer. Outcrops southwest of Amran Valley 
in Thila-Shibam area. Thickness to 150 m at shibam.

CRETACEOUS

Tawilah Group
Predominantly coarse grained crossbedded continental sandstone 
interbedded with shale and clay stones; cut by numerous basalt 
dikes. Good aquifer especially in the fracture zones. Wells 
tapping this formation supply part of municipal water for Sana 
city. Outcrops southwest of Ifcnran Valley in Thila-Shibam area. 
Thickness to 350 m at Shibam.

UPPER JURASSIC

Amran Series
Possiliferous, massive to fine bedded, limestone of shallow 
water origin with intercalated sandy layers; shale interbedded; 
major solution structures rare in report area. Generally, poor 
aquifer except in fracture zones. Cut by basalt dikes. Forms 
eastern, western and northern flanks of Amran Valley. Thickness 
to 800 m in Wadi Attaf.
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LOWER JURASSIC

Kohlan Series
Massive white sandstone with interbedded conglomerate beds; 
contact with overlying Amran Series is gradational with no break 
in sedimentation. Water-bearing properties unknown, but potentially 
good. Occurs west of report area in steep cliffs ranging up 
to 150 m in thickness.

PRECAMBRIAN

Basement
Predominantly granite gneiss and mica schist exposed in deeply 
incised wadis west of report area. Poor aquifer, limited amounts 
of ground water occur in fracture and fault zones.

15°30' and 16°55'N and longitudes 43°20' and 45°45'E, rocks of the Amran 
Series predominate although interspersed with occasional volcanic plugs 
and flows, along with scattered granite plugs, stocks and plutons, as 
well as more extensive alluvial and volcanic deposits. The flanks of 
the famous Himyarite dam at MaJ rib, 110 km east of Sana and one of the 
seven wonders of the ancient world, are cut into limestone of the Amran 
Series and the massive headworks are also constructed of the same material. 
The Amran Series formerly covered the entire area of the Yemen Arab Republic 
and beyond, with parts of the Tihamah possibly excepted. Post Jurassic 
erosion largely removed the covering limestone mantle from most of the 
eastern and southern two thirds of the country. Outliers of the Amran 
Series occur, however, in the Tihamah, in the northwest and southwest 
as horsts uplifted through the Yemen Volcanics, to the east in the area 
of jSafir and in the Rub al Khali, and south along the Wadi Bana near the 
frontier with the People's Democratic Republic of Yemen.

The Amran Series is everywhere calcareous although facies change 
with location. In the Amran Basin, the formation consists of fossiliferous, 
yellowish-white limestone of shallow water origin; an origin evidenced 
by both the fossil assemblage and the occurrence of intercalated sandy 
layers. The bedding is horizontal to subhorizontal. The flanks of the 
Amran Valley are formed by alternately interbedded layers of massive cliff- 
forming limestone, sandy fine-bedded limestone and shale that, in turn, 
weathers to form less abrupt slopes. The limestone is faulted and cross 
faulted and heavily jointed, but caves, sink holes or smaller solution 
structures are rare. The thickness of the Amran Series underlying the 
alluvium of the valley floor is unknown, but the thickness exposed by 
the cliffs on the valley flanks ranges between 400 and 600 m and exceeds 
800 m in the Wadi Attaf, to the northeast of the valley.

c —
To the southwest of the Amran Basin, sediments of the Tawilah Group

and Medj-Zir Series form elevated plateaus that are visible from the southern 
end of the valley. Although the Tawilah group appears bare of fossils, 
it is considered Cretaceous in age because of geometric position. Both 
formations consist of coarse, crossbedded, white sandstone with conglomerates, 
gravels and interbedded shale. The Medj-Zir Series is of probable Tertiary
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age. The volcanic formations exposed in the report area are primarily 
dark-grey to black basalt flows of Tertiary to Holocene age. The very 
dark basalt flows occuring northeast of, and to a very limited extent, 
within the valley were extruded during historical times. The historical 
age of these darker flows is assumed because of their similarity to flows 
in the Harodan volcanic field north of Sana. At the Harodan location, lava 
flows of similar lithe-logic character and color have inundated the works 
of man. Numerous basalt cones and craters occur east of and parallel 
to the Mnran Valley.

Beds of basalt also occur interfingered at depth within the alluvium 
filling the valley. The interbedded basalt layers likely result from 
a succession of lava flows at different intervals as the valley filled 
with sediments rather than intrusion as sills. This is evidenced by the 
fact that the basalt beds are persistent over distance within the alluvium. 
Further, wells penetrating the alluvial sediments may encounter multiple 
beds of basalt interspersed at different depths in the alluvial section. 
These basalt beds tend to confine water in the underlying sand and gravel 
and act, at least in part, aquitards.

The alluvial deposits filling the Amran Valley constitute the principal 
aquifer system in the area. Together with the interbedded basalt layers, 
the alluvium has a thickness in excess of 300 m at some locations near 
the valley center. These alluvial deposits consists of loess, loam, silt, 
clay, sand, and gravel with occasional limestone boulder erratics. The 
sandy material, in all likelihood, was eroded and transported from the 
Tawilah-Medj-zir escarpment to the southwest. Limestone gravels, which 
are often waterbearing at depth, are derived from the Amran serils surrounding 
the valley. The lithology of the unconsolidated sedimentary section reflects 
periods of successive flooding, ponding, and probably also periods of 
desiccation. Coarser material was deposited in the valley trough by floods 
during times of higher rainfall when water ponded in the valley. The 
occurrence of loess in the upper part of the alluvial section indicates 
a period of desiccation when these wind-borne sediments could accumulate.

Alluvial sediments are thickest along the main axis of the valley 
and feather out against the flanking limestone and basalt escarpments. 
Mobile sand dunes occur at random throughout the Amran Valley, but are 
most evident in the Qa at Hamudah area.

Structure

The Amran Valley is formed by a northeast-southwest tending graben 
structure (pi. 1, inset A) thought to have been formed contemporaneously 
with the Red Sea rifting that started in the Oligocene. Approximately 
45 km to the northeast the graben changes direction to east northeast- 
west southwest and changes again, in the Wadi Attaf, to an east-west orien­ 
tation. North of Raydah the graben is cut by major cross faults oriented 
north northwest-south southeast that likely account for the escarpment 
forming the northern boundary of the Qa at Jlamudah plain. Parallel faults 
on both sides of the valley form a series of steps on the valley flanks 
as successive blocks of bedrock slipped into the depression. The apparent 
throw of these faults exists within the graben structure and accounts,
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in part, for the variation in depth to bed rock at different locations 
beneath the sedimentary valley fill. Small horsts resulting from the 
same tectonic action that caused the faulting arise in the graben floor 
and some are seen in outcrop above land surface within the valley proper. 
The outcrop of Amran limestone occurring as an outlier 1 km east of Raydah 
at the site of the Kharif #6 test hole is a typical example of an exposed 
horst. The availability of ground water in the alluvial sediments forming 
the graben fill is partly controlled by local subsurface structural conditions. 
When horst blocks rise to near or above land surface, water-bearing deposits 
may be thin to non-existent. Faults and variations in the thickness of 
alluvial fill due to subsurface tectonics in some instances can account 
for the large difference in yield between closely spaced wells.

Water-Bearing Characteristics 

The coarse sediments interbedded in the alluvial fill of the Amran%

Valley contain the principal ground-water resources in the report area. 
Locally, where structural conditions are favorable, the Amran limestone 
can be productive. Likewise, in favorable structural situations, the 
volcanics have the potential of yielding worthwhile quantities of water 
to wells as these rocks do elsewhere in the Yemen Arab Republic. Limited 
test drilling in the report area, however, failed to discover any usable 
quantities of water in the basalts. Admittedly, the test drilling in 
the volcanics was limited to a restricted area northeast of Raydah and, 
therefore, the negative results obtained are not conclusive for other 
areas of volcanic rocks in the report area. In one hole near Raydah, 
perched water was encountered, but quickly depleted by pumping. Other 
test holes at this same general location were dry even at depths as much 
as 60 m below the level of the water table in the nearby alluvium.

Other geologic formations mentioned in this report, although important 
to the overall understanding of the areal geohydrology, are not locally 
potential water sources since they neither crop out nor are known to occur 
at depth within the area. The Precambrian outcrops in the deeply incised 
wadis to the west of the 'Amran Valley are characteristically a poor aquifer 
everywhere in the Yemen Arab Republic and ground water occurs, for the 
most part, only in fracture zones. The Kohlan serils overlying the Precambrian 
is largely unexplored, but has the potential of being a high yielding 
aquifer since it is composed primarily of losely cemented sandstone. 
In the outcrop area west of the Amran Valley, however, the Kohlan Series 
shows little potential for yielding water to wells. This is owing to 
the fact that the formation occurs in cliffs resting on exposed basement 
rocks precluding the possibility that water could be retained within the 
formation even when available from recharge.

The sandstones of the Tawilah Group, although not present in the 
report area, are the best aquifers in the Yemen Arab Republic and wells 
penetrating this formation have high yields where considerable thicknesses 
of the formation occur below the water table. The Medj-Zir Series consists 
of coarse sandstone and is, therefore, a potentially high yielding aquifer. 
Although relatively unexplored, large yields could be expected from this 
formation at locations where significant thickness exists.
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At the onset of the project, test drilling efforts were directed 
at obtaining water supplies for villages situated on the slopes of the 
highlands flanking the ̂ mran Valley. Consequently, well sites were located 
on the limestone outcrops at the base of the escarpment or in the narrow 
valleys reentrant to the escarpment. The majority of these wells penetrated 
Amran limestone throughout most of their depth. The second test well 
at Menjidah yielded 14.5 liters per second (L/S) by airlift and the test 
well at Al gajz yielded 6 L/S, also by airlift. The upper 43 m of the 
Menjidah well penetrated 8 m of gravel and 35 m of basalt before encountering 
Amran limestone and the limestone was overlain by 37 m of limestone breccia 
at the Al gajz site. With the exception of these two wells, other wells 
constructed in the Amran limestone near the flanking escarpments had poor 
to no yield.

Yields of dug and drilled wells in the wadi alluvium where located 
at distances from the escarpments, on the other hand, consistently range 
between 3 and 18 L/s. Many of the dug wells, however, have been deepened 
several times. This reflects, in part, an effort to follow a declining 
water table and, in part, an effort to meet increasing demand for irrigation 
water. Many of the dug wells first bottomed on basalt which, in effect, 
marked the bottom of the unconfined water table. When water levels in 
the overlying unconsolidated aquifer declined, efforts to deepen the well 
by digging into and through the basalt were often attempted. Owing to 
the hardness of the volcanic rock, efforts to excavate the basalt with 
hand tools were, as a rule, unsuccessful. This work was further complicated 
by the necessity of keeping the hole dry by pumping as the work proceeded. 
Accordingly, well owners usually hired a local contractor equipped with 
a cable-tool drilling rig to penetrate the basalt and the underlying alluvium,

Water in the sediments under the basalt occurs under confined or 
partially confined conditions and water levels in wells penetrating one 
or more basalt layers may be higher than the local water table. Generally, 
when the dug wells are deepened, the yields increase. This is also the 
case in dug wells in the alluvium where basalt is not encountered.

Deepening drilled wells is practical only when the well has been 
initially constructed without a metal bail plug at the bottom of the casing 
string. When the well is left open at the bottom it may be possible later 
to drill it deeper. If part of the well is uncased, initially producing 
water from the open hole through the aquifer section, there is a serious 
danger of collapse during subsequent deepening. Wells that are screened 
in the aquifer and equipped with a metal bail plug sealing the bottom 
of the casing string generally cannot be successfully deepened. Any attempt 
to drill through the bail plug will likely lead to separation of the well 
casing up the hole and destruction of the well. When practical, deepening 
of selected drilled wells should produce increased yield. Of course, 
the benefit of deepening any well in the Amran Valley is limited by the 
aquifer thickness at the well site.

Ground Water Occurrence

The ultimate source of fresh ground water is precipitation and, with 
the exception of some desert regions, the ground water reservoir is periodically
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recharged by rainfall or infiltration from streams through pore spaces 
in the soil to the zone of saturation, the upper surface of which is the 
water table. Water-table conditions exist where the aquifer is not confined 
by overlying impervious strata. Unconfined water occurs in the permeable 
sand and gravel resting on top of the first relatively impermeable bed, 
either clay or basalt, at depths ranging from 6 to 50 m below land surface 
in the alluvial fill of the Amran Valley. The water in the zone of saturation, 
sometimes referred to as "phreatic water," moves by gravity flow from 
sources or points of recharge to areas of discharge. This migration, 
coupled with evapotranspiration and artificial withdrawal by pumping plus 
recharge by precipitation, accounts for fluctuation of water levels in 
wells tapping the water table. Natural discharge and withdrawal by pumping 
together with migration down slope results in lowering the water table, 
especially during the dry season. Water levels recover during the rainy 
season, reflecting recharge to the ground-water body and also the effect 
of decreased pumping when precipitation substitutes for irrigation from 
wells.

Water in the alluvium occurs under semi-confined conditions and, 
at some locations, possibly under confined conditions. When ground water 
is confined or semi-confined, it is often termed artesian. Although the 
popular concept of "artesian" connotes water from a well flowing above 
land surface, in the hydraulic context "artesian" refers to ground water 
under conditions producing hydrostatic head. Artesian conditions occur 
where the water moving down-gradient through permeable water-bearing strata 
passes beneath impermeable strata that form a confining bed. If the materials 
beneath the water-bearing strata are also impermeable, water acquires 
a hydrostatic head related to the vertical distance between the altitude 
of land surface at the point of confinement and the slope of the potentiometric 
surface, and the bottom of the confining bed at the point of discharge.

The lenticular character of the alluvial aquifer indicates that water, 
for the most part, occurs in these beds under semi-confined conditions. 
Further, analysis of the four pumping tests conducted by the project in 
the Amran Valley show leaky aquifer conditions. A leaky aquifer is defined 
as a semi-confined aquifer whose confining bed will conduct significant 
quantities of water into or out of the aquifer, but the term is somewhat 
of a misnomer. Although water does leave the aquifer, it is the confining 
bed or aquitard that is leaky. The aquifers in the alluvium filling the 
Amran valley below the partially confining strata of either clay or basalt 
are in hydraulic continuity with other water-bearing strata occurring 
either above or below the producing aquifer.

The hydraulic gradient of the water table in the Amran Valley reflects 
the surface drainage and slopes to the northeast towards the Wadi Attaf 
and a mutual discharge area. The natural hydraulic gradient is locally 
altered where pumping wells are concentrated as is the case around ̂ mran 
town, Raydah, and in the eastern Qa at jlamudah. The gradient of the water 
table is steepest near the valley flanks and flattens towards the center 
of the valley where the alluvial sediments are the thickest. Dug wells 
along the margin of the valley range in depth from 10 m to over 70 m in 
the eastern Qa at Hamudah. Generally, irrigation wells in the center 
of the valley are over 50 m in depth and may range up to 100 m where deepened 
with a drilling rig. Depths to water are greatest, on the other hand,

19



near the flanks of the main valley and occur at shallower depths below 
land surface towards the center of the valley.

Wet-season and some all-weather springs and seeps issue, at places, 
from the escarpments flanking the valley as well as from fractures in 
the limestone bedrock in wadis reentrant to the main valley.

HISTORY OP EXPLORATORY DRILLING

During most of the test drilling program, two Ingersoil-Rand T4 drilling 
rigs were assigned to the project. These rigs are designed primarily 
for drilling in hard consolidated rocks, such as volcanics, utilizing 
compressed air and down-the-hole hammers. Although originally equipped 
with a small mud pump for conversion to the direct rotary drilling method, 
these rigs proved unsuited for drilling in alluvium and limestone where 
lost circulation problems were common. Accordingly, it was necessary 
to equip these rigs with large capacity auxiliary mud pumps in order suc­ 
cessfully to complete many of the test holes. The drilling difficulties 
encountered are best illustrated by the drilling sequence at the middle 
Raydah site. A successful observation well was completed at this site 
in March of 1976. Subsequent attempts nearby to construct production 
wells over a period of several months ended in abandoned holes owing to 
lost circulation problems. The production hole that was eventually completed 
in February 1978 had been spudded in the preceding September. Equipment 
breakdown admittedly contributed to the time necessary to complete this 
well, but again, circulation problems were the major cause of delay.

The initial phase of the 'Amran Valley ground-water investigation 
provided for exploratory drilling to obtain village water supplies. First 
efforts, beginning in June 1974, centered in the volcanic area 4 km northeast 
of Raydah and were directed at finding drinking water for the village 
of Kharif. Five test holes in the basalt bedrock of this area proved, 
for all practical purposes, dry although one test encountered limited 
amounts of perched water. It was necessary eventually to move onto the 
alluvial plain south of the volcanics to obtain water for Kharif. At 
the new location, the first hole was reported dry and the second produced 
2.5 L/s by airlift which, however, was sufficient for the village when 
pumped continously into reservoir storage. Initially samples of the well 
cuttings were not always collected and some well logs are incomplete for 
wells completed during the early test drilling efforts.

Subsequent efforts to provide village water supplies centered on 
Al pajz southwest of 'kmran town and Al Gusair in the northern end of the 
valley. The well at Al Hajz yielded 6 L/s. Two holes drilled at Al Gusair 
location near the head of a north to south draining wadi were dry. The 
third hole, located downstream in a wider section of the wadi, yielded 
4 L/s. Although this well was a welcome addition to the village water 
supply, it was obvious that larger yields sufficient for irrigation of 
crops would be obtained only in the thicker sections of alluvium along 
the main valley axis.

Among the first efforts to explore conditions away from the flanking 
escarpments included the Amran town and the nearby Al Jannat sites. Owing
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to poor design, the Amran town well proved disappointing although the 
geophysical log indicated the presence of water-bearing strata. Yield 
by airlift of the Al Jannat well was only h L/s. An earlier effort at 
Al Jubi northeast of Amran town and the first project test hole near the 
axis of the southern part of the Wran Valley, yielded 3 L/s by airlift. 
A test hole at Al Sheikh approximately in the center of the northern part 
of the valley was dry. The area where yield from wells would be sufficient 
for irrigation accordingly was narrowed to the central part of the valley 
south of the volcanic intrusion and flows that outcrop east of Raydah.

The production well at Menjidah yielded 14.5 L/s and was the first 
hole drilled near the center of the southern valley axis. This hole, 
however, penetrated Amran limestone throughout much of its depth and conse­ 
quently, did not explore the alluvial section as intended. The relatively 
high yield from this well as contrasted to yield from other wells constructed 
in the limestone is probably due to location at the mouth of a small wadi 
reentrant to the main valley. This tributary wadi was probably formed 
by erosion along a fracture zone that could, in turn transmit water to 
wells. South to north, the Warehouse, Raydah South, and Raydah Middle 
groups of wells were located to test and evaluate the hydraulics of the 
alluvial aquifers. As was the case with Menjidah, one or more observation 
wells were constructed at these sites along with the production well. 
Drilling, developing, and conducting aquifer tests at these sites continued 
into the spring of 1978.

DRILLING METHODS

A complete description of well-drilling methods is beyond the scope 
of this report. It is desirable, however, to describe briefly methods 
used in the investigation and by others constructing wells in the area, 
particularly with reference to inherent drilling problems. Wells in the 
area are drilled by the percussion (cable-tool), direct rotary, and air 
rotary (down-the-hole hammer) methods. Further, dug wells are constructed 
with hand tools and, when basalt is encountered, often blasted downwards 
with explosives.

The percussion (cable-tool) methods of drilling involves raising 
and dropping a heavy string of drill tools consiting of a bit, drill stem 
and drilling jars attached to a steel cable. The cable passes from a 
collecting reel over a pulley wheel at the top of the derrick before connecting 
to the tool string. The string of tools is activated up and down by means 
of a pitman arm and the resulting blows crush material (strata) struck 
by the bit. The crushed material is removed from the hole with a bailer. 
The percussion method often produces a hole of several different diameters, 
with the largest diameter at the surface. When it becomes difficult to 
drive the larger tubing the diameter of the hole is reduced and drilling 
is continued with a smaller bit. Several different diameters of well 
tubing each smaller than the proceeding one may be necessary to complete 
a well.

Percussion drilling is particularly well suited to very coarse sediments 
and is also suited to very hard rocks such as basalt. When it becomes 
necessary to deepen a dug well bottomed on a basalt layer interfingered
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with wadi alluvium, the well owner often hires a local driller with a 
percussion rig to deepen the well. The rig is positioned on a platform 
constructed over the open dug well and a length of pipe is then secured 
to the bottom of the hole to act as a tool guide. In theory, the equipment 
should be able to penetrate the basalt at a rate of roughly a meter per 
8 hour shift. In practice, the rig may remain over the well for months. 
Antiquated equipment in part accounts for the delay, but inexperience 
in cable-tool drilling techniques is a more important factor. When drilling 
very hard rocks by the percussion method, it is necessary to keep the 
drill bit to gage. A percussion bit can be brought to gage by heating 
on a forge and reshaping with a sledge hammer or by resurfacing with an 
electric welding machine. The welding procedure puts a harder surface 
on the face of the bit and is the preferred method. Local percussion 
drilling contractors, however, are seldom equipped with a welding machine. 
Much of the time lost in deepening dug wells through the basalt beds is 
due to stuck tool strings resulting from the bit being out of gage causing 
the hole to be out of round or out of gage.

The direct rotary method of drilling involves rotating a string of 
drill tools with attached bit in an open hole. Simultaneously, drilling 
fluid is circulated from a mud pit by a pump down the hollow rods and 
out the openings in the bit to return back up the open hole to the mud 
pit. The returning column of drilling fluid carries material cut by the 
bit to land surface and thence to the mud pit near the well head. Drilling 
fluid consists of water mixed with local clay and often other material 
used to increase its density (weight). Bentonite, a volcanic clay that 
swells when wetted, is the preferred material used to make up the drilling 
mud. Both rock roller bits and drag bits are used in rotary drilling. 
Rock roller bits are best for drilling in sand, gravel, and hard rock; 
drag bits perform best in silt and clay.

Most of the test wells constructed as a part of this investigation 
were drilled by the rotary method. Owing to problems with lost circulation, 
it was necessary to equip the drilling rigs with large capacity auxiliary 
mud pump. Even with the large capacity pumps, however, it was not always 
possible to maintain circulation in zones of high permeability in the 
alluvium, a condition that sometimes resulted in the collapse and eventual 
abandonment of the well. In general, it was found that zones of lost 
circulation could be penetrated if sufficient drilling fluid was available 
on the first try. This often meant making up an extra pit of mud as a 
standby before drilling the very permeable zones. When zones of lost 
circulation were penetrated without additional drilling fluid immediately 
available, the hole invariably collapsed and subsequent efforts to restore 
circulation to continue drilling were, for the most part, unsuccessful.

Air rotary drilling involves much the same principle as direct rotary 
drilling except that cuttings are removed by a column of compressed air 
mixed with foam rather than by a mud column. Compressed air and foam 
circulate down the hollow rods and the air activates the down-the-hole 
hammer bit at the bottom of the tool string. The hammer bit vibrates 
up and down in short strokes in an action similar to a jack hammer, the 
result of which can fracture and penetrate the hardest rocks. Short-toothed 
rock roller bits and button bits can also be used with the air rotary 
method to drill hard rocks.
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Although the air rotary method can be used to drill unconsolidated 
alluvium when these deposits are essentially dry, the method is unsuitable 
for very permeable sands and gravels containing abundant water as is the 
case at some locations in the project area. The rigs used to drill the 
test holes in the Stairan Valley had both direct and air rotary capability. 
Often it was desirable to drill the interbedded basalt strata with the 
air rotary method and use the direct rotary method to drill the alluvial 
section of the well.

GEOPHYSICS

Geophysical well logs were run on many of the test holes during the 
investigation utilizing project procured equipment. This equipment was 
capable of recording the resistivity, spontaneous potential, natural gamma 
rays, and the density (gamma gamma) of formations penetrated by the test 
wells. In addition, the logger was also capable of continously measuring 
the diameter of an open borehole by means of a caliper logging attachment. 
The resistivity and spontaneous potential were measured simultaneously 
utilizing a single down-the-hole tool (sonde) and single recording module. 
To record other formation characteristics it was necessary to change the 
down-the-hole tools and record through separate module systems.

Possibly the most useful logs for ground-water exploration are the 
resistivity and spontaneous potential, both of which must be run in a 
open uncased hole. The resistivity log measures the resistivity of rocks 
penetrated by the borehole under direct application of an electric current 
or an induced electric current. The spontaneous potential log measures 
the natural potentials developed between borehole fluid and surrounding 
rock material. Used together these measurements identify water-bearing 
zones, rock types, and the quality of water in permeable formations through­ 
out the depth of the open hole. Resistivity and spontaneous potential 
logs are particularly useful in delineating aquifers in unconsolidated 
sediments and consequently, proved an important tool in designing wells 
in the Amran Valley.

Natural gamma logs measure the natural-gamma radiation of rocks penetrated 
by a borehole. The gamma gamma (density) log utilizes a source of radiation 
within the sonde and records gamma radiation from this source after it 
is backscattered and attenuated within the borehole and surrounding rocks. 
Natural gamma and gamma gamma logs may be run both in open holes and in 
cased holes.

All of the described logging systems are useful in geologic correlation 
between wells and in locating water-bearing zones penetrated by a single 
borehole. This geophysical capability was particularly important to the 
Amran Valley study because of the inexperience of the Yemeni drilling 
crews. If information was not collected during drilling operations or 
was lost or unrecorded, it was often possible to retrieve that information 
by geophysical logging procedures.

Copies of the down-the-hole geophysical logs run by the investigation 
project are on file with the Hydrology Section of the Ministry of Petroleum 
and Minerals.
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AQUIFER TESTS

Two major hydraulic characteristics that affect the development of 
an aquifer are its ability to transmit water and its capacity to yield 
water from storage. These properties, which affect the water levels or 
artesian pressure and yield of wells, are quantified in terms of transmis- 
sivity (a rate of movement) and storage (a dimensionless coefficient) 
and were first defined by Theis (Ferris and others, 1962, pp. 72-78). 
In 1972, these terms were redefined by Lohman and others. When these 
characteristics are known for an aquifer or part of an aquifer, it is 
possible to forecast approximate water level or artesian pressure trends 
at different rates of withdrawal from producing wells.

To establish the transmissivity values and storage coefficients of 
aquifers in the <Amran Valley, four aquifer tests were made at selected 
sites. In addition, a third formation constant had to be determined to 
evaluate aquifer hydraulics since the semi-confining beds overlying or 
underlying the aquifer transmitted water upwards or downwards by leakage. 
This constant is called leakance, or the leakage coefficient as defined 
by Hantush and Jacob (1955) and Hantush (1956).

Some difficulty was encountered in performing the aquifer tests. 
The problems, were, for the most part, related to newly purchased pumping 
equipment. The direct drive turbine pumps used by the drilling section 
were unavailable for use in aquifer testing and, as a consequence, an 
electrical submersible pump with generator was purchased. This new equip­ 
ment proved difficult to regulate and pumping rates, therefore, were some­ 
what erratic. Results of these tests, however, are judged to be within 
acceptable limits when the data are matched to the Hantush-Jacob leaky-aquifer 
model. Data from these tests do not match the Theis curve except for 
some of the early responses. Semi-log plots and recovery data, therefore, 
can be misleading and accordingly, all plots consist of logarithmic values 
of drawdown versus the parameter time divided by well radius squared (log 
d versus log t/r ). Obtained values of the transmissivity are about 1/2 
to 2/3 those determined from semi-log plots whereas storage coefficients 
are higher than those obtained from semi-log plots.

Al Jubi Site—An aquifer test was performed at the Al Jubi site on September 5, 
1977. The aquifer at this site consists of mixed volcanic and limestone 
gravel and was screened with slotted pipe between 85 and 104 m. The well 
was also gravel packed. The pumping rate varied somewhat, but averaged 
12 L/s (190 gal/min). Figure 2 shows the drawdown curve for the Al Jubi 
test. Data prior to 6 minutes are erratic and something unexplained happened 
to drawdown between 60 and 90 minutes. Matching the data between 6 and 
20 minutes, and 90 and 450 minutes, transmissivity, T - 454 m /d 
(36,000 gpd/ft) and the storage coefficient, S = 2 x 10 ~ . Apparent 
leakage is a significant .026.

Warehouse Site—The aquifer test conducted at the Warehouse site between 
July 10 and 15, 1977, utilized a pumping well screened with a commerical 
continuous slot screen. The 6 m length of screen was set at the bottom 
of a 23 m sand bed and extended into the underlying basalt bed. This 
test was badly flawed by a 40 percent decrease in pumping rate during 
the test (fig. 3). Assuming a harmonic mean pumping rate of 2 L/s (130
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gal/rain) , T = 75 m /d (6,000 gpd/ft) and S = 1 x 10 . Departure of 
the drawdown from the Theis curve is partly due to the decreasing pumping 
rate, but may be partly due to a leaky aquifer. Confidence in T and S 
is high, but the leakance of .011 is somewhat questionable.

Raydah South Site—An aquifer test was made at the Raydah South site (fig. 4) 
August 21 to 24, 1977, utilizing a 3-well complex. The production and 
one of the observation wells were screened with slotted pipe and gravel 
packed between 49 m and 61 m. Both of these wells were finished in gravel. 
The second observation well was screened with a commercial 40 slot screen 
and gravel packed from 53 m to 59 m. Apparently the third well tapped 
a fractured basalt rather than the gravel bed penetrated by the other 
two wells accounting, in part, for the difference in response between 
the observation wells. The production well was pumped at 9.5 L/s (152 
gal/min).

2Analysis of data from observation well number 1 indicates a T = 248 m /d 
(20,000 gpd/ft) and S S 2 x 10 . The data from the second observation 
well show T = 372 m2/d (30,000 gpd/ft) and S = 5 x 10 which is consistent 
with the fractured rock hypothesis. Apparent leakance is 9.34 x 10 . 
Data from the pumped well cannot be analyzed with any confidence owing 
to difficulty with the airline measurements.
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Raydah Middle Site—The aquifer test conducted at the Raydah Middle site 
between February 6 and 9, 1978, utilized a pumping well screened between 
168 and 183 m with 15 m of slotted screen. The well was pumped at 9.7 
L/s (154 gal/min) with a drawdown of 2.15 m. The aquifer at this site 
consists of a fractured basalt. Figure 5 shows the test curve for this 
site and analysis of the data shows a T £ 860 m /d (69*500 gpd/ft) an 
S = 9.8 x 10~ , and a leakage coefficient of 2.5 x 10~ per day. In 
addition, well loss was estimated to be in the order of 1 meter. Attempts 
to analyze the pumping and recovery cycle from the observation well separately 
yielded inconsistent results and therefore, these data were combined and 
used in the type-curve method of analysis. Fluctuations in the observed 
data near the end of the test may result from barometric effects.

Figure 6, shows a semi-log plot of the recovery cycle data from the 
pumped well. It can be shown that for small r/B, such as would be the 
case in the pumped well, that the early part of the semi-log data plot 
should be a straight line having a slope of:

Where: s = drawdown, in meters
s* = recovery, in meters 

& s = 2.3Q Q • well discharge, in cubic meters per day
cycle 4 v T T = aquifer transmissivity, in square

meters per day

Hantush (1956) shows that for small r/B and large u, for the early time 
interval, the values of W(u, r/B) are the same as Theis 1 W (u) explaining 
why the equation above is valid (symbol definition given below) . The 
transmissivity determined in the analysis of the early part of the recovery 
data should fall on a straight line that has a slope s*/cycle = 0.177 
m. In this case, well losses are assumed to be constant with time and 
would not affect the slope. Such a line drawn in figure 8 shows the value 
of transmissivity is reasonable.

The observed steady-state drawdown or recovery in the pumped well 
is in the order of 2.1 to 2.3 meters. The theoretical drawdown or recovery 
(fig. 7), without well losses would depend on effective well radius. 
The inset on figure 8 shows the theoretical drawdown or recovery for effective 
radii ranging from 0.1 to 0.5 meters. Assuming that the effective radius 
of the well is in this range, well losses would range from 0.75 to 1.20 
meters.
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The pumping tests carried out at four sites in the *Amran Valley provided 
the necessary hydrogeologic information for computing rates of drawdowns 
for varying levels of ground water development.

All the data plots of figures 9, 10, 11, 12, as well as the lithologic 
information obtained from well drillers indicated that the aquifers of 
the Amran Valley are leaky and receive substantial amounts of water from 
the overlying aquifers when stressed.

The equation used to compute potential drawdown for various levels 
of pumpage is that of Hantush and Jacob (1955; see p. 320-324 of Freeze 
and Cherry, 1979). This equation can be written as:

s = .08 | W (u, r/B)

where s = drawdown in meters, (m)
Q = well discharge in cubic meters per day (m /d)
T = transmissivity of the aquifer in square meters per day (m /d)
W (u, r/B) = well function for the leaky aquifer, a set of dimensionless
numbers given in tables, for example Hantush (1956), as a function
of u and r/B which in turn are given by:

u = r S and r_ - r 
4Tt B

where r = radial distance from the well, in meters (m) 
B = aquifer thickness in meters
S = storage coefficient of the aquifer, dimensionless 
t = time, in days (d)
k' = leakage coefficient, day , where k 1 = permeability in meters per day 
b 1 and b 1 = thickness in meters of the

leaky aquifer

The graphs illustrating the rate of drawdown as a function of distance 
from the well and for various levels of pumpage are given in figures 9, 
10, 11, and 12.

Although the initial computations were made for different time periods 
(such as 1 week and 50 years) the results indicated that time was not 
a significant factor for the levels of pumpage that were chosen (that 
is, steady-state conditions prevailed).

The pumpage levels used in the computations were in line with those 
used during the pumping tests and thus conform realistically to the existing 
field conditions at the sites.
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Figure 9--Distance-drawdown curve for various levels of discharge, 
Al Jubi Site.
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Figure 10--Distance-drawdown curve for various levels of discharge, 
Warehouse Site.
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Figure 11--Distance-drawdown curve for various levels of discharge, 
Raydah South Site
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Figure 12--Distance-drawdown curve for various levels of discharge, 
Raydah Middle Site.
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CHEMICAL QUALITY OF WATER

The chemical quality of water from the unconfined and semiconfined 
aquifers in the 'Amran Valley is generally good and is suitable, with few 
exceptions, for domestic supply, livestock, and irrigation. Analyses 
of water from 16 wells in the report area (table 7) show the ion concentra­ 
tions are below the maximum limits suggested by the U.S. Public Health 
Service (1962) for drinking water. The water from aquifers in the report 
area is generally moderately hard, usually from 110 to 250 milligrams 
per liter (mg/L) total hardness as CaC03.

The water from the aquifers of the Amran Valley is suitable in chemical 
quality for irrigation on many types of soils. Most of the water analyses, 
when plotted on a classification diagram (fig. 13) indicate a low to very 
low sodium hazard except for 2 analyses which plot in the high salinity 
hazard range. The effect of the salinity hazard may be overcome by leaching 
cultivated soils with excess irrigation or naturally with rainfall. Most 
of the water is predominately a calcium-magnesium-bicarbonate type (fig. 14) 
except for water from the well drilled by USAID to supply the village 
of Al Jjaz 7 km southwest of ^mran town (# 383). Water from Al Hjaz well 
is a calcium-magnesium-sulfate type indicating that gypsum is present 
in the subsurface section. The bicarbonate ion concentration of the water 
sampled ranges from 130 mg/L to a relatively high 300 mg/L.

The diagram for the classification of irrigation water (fig. 13) 
developed by the U.S. Salinity Laboratory of the Department of Agriculture 
(1954), is based on electrical conductivity in micromhos/cm (EC x 10 ) 
and on the sodium-absorption ratio (SAR). Electrical conductivity is 
commonly used for indicating the total concentration of ionized constituents 
of a natural water and is closely related to the sum of the cations or 
anions as determined by chemical analysis. Conductivity is a measure 
of the salinity hazard of water for irrigation. SAR, used as a measure 
of the sodium hazard, is a calculated value in which the concentration 
of the ions involved are expressed in milliequivalents per liter (meq/L) 
and is defined by the Salinity Laboratory as:

Ha* 

SAR = ——————tCatS-Mg*

The classifications of irrigation water discussed above were designed 
primarily for use in arid regions, such as the Amran Valley, where these 
classifications are directly applicable. Water classified as having a 
high salinity hazard can, however, be used occasionally on a supplemental 
basis with little danger to all but the most sensitive crops. Only two 
of the wells sampled (fig. 13) show water with a high salinity hazard 
and the remainder of the analyses show a medium salinity hazard. All 
of the analyses indicate a low sodium hazard.
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- -Piper diagram showing chemical character of water 
'Amran Valley, Yemen Arab Republic (After Piper ,
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Conductivity was measured in the field for water from most of the 
wells inventoried during the investigation. These field conductivities 
ranged between 340 and 780 micromhos/cm with the majority of the water 
tested having less than 750 micromhos/cm. Field measurements, therefore, 
show that most water from wells in the area have conductivities in the 
medium salinity hazard range.

Six of the water samples were analyzed for boron which is essential 
for the growth of all plants. Concentrations of boron are reported in 
micrograms per liter (UG/L in table 7) and over 33 UG/L boron would affect 
the growth of crops sensitive to that element. The concentrations of 
boron reported from the ground water of the ^mran Valley, however, pose 
no threat to crops.

RECHARGE AND WATER USE

Currently, one of the more popular methods of evaluating the water 
resources of an area involves calculating the "water balance." Formulas 
vary in detail, but generally include adding yearly recharge by rainfall 
percolating downwards to the aquifer system to annual inflow of water 
from surrounding areas and subtracting the annual use of water and the 
annual evapotranspiration, plus outflow to arrive at a figure for the 
change in water storage within the aquifer system. Changes in storage 
are reflected in the rise or fall of water levels in wells throughout 
the study area. When all of the above factors are known, even within 
reasonable limits, a water balance can indeed be predictive of the water 
in storage in the aquifer system. When on the other hand, one or more 
of the hydraulic parameters are unknown or estimated, a less mathematical 
approach based more on reason is indicated.

For the Amran Valley it is known that water levels are declining 
during a period of above average rainfall; as much as 2 m per year in 
an area of heavy usage. Additionally, the principal aquifer system is 
continuous within a narrow graben structure bounded by precipitous limestone 
cliffs. The limestone in these cliffs is undoubtedly in hydraulic continuity 
where contiguous with the wadi alluvium. The Amran serils, however, is 
a poor aquifer regionally and the low yield seasonal springs issuing from 
the valley flanks are probably indictative of the small amount of water 
in transit through this formation. Consequently, recharge to the valley 
is in all likelihood largely restricted to a part of the limited rainfall 
and a part of the limited surface inflow. Topographic, structural, and 
geologic conditions are not very favorable to recharge and these constraints 
coupled with facts of low rainfall and the decline in water levels in 
wells leads to the inescapable conclusion that the aquifer system is currently 
being over produced and the water mined.

The annual pumpage from the Amran Valley, based on information obtained 
during the well inventory, is estimated to be 11 x 10 m /year of which 
90 percent is extracted from the Al Bann Plain (Qa al Bawn al Kabir) that 
forms the central and southern part of the valley. Naturally, this is 
also the area with the greatest decline in water levels in wells. Other 
evidence indicating that water is being removed from storage is indicated 
by the progressive deepening of existing wells. As water levels and yields 
decline many existing wells are dug or drilled deeper in an effort to
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maintain sufficient water for irrigation. Pumping costs, of course, increase 
and there is also a practical limit beyond which an existing well can 
be deepened and still expect to increase or maintain yield. Additionally, 
some of the shallow wells, for the most part near the valley flanks, have 
gone dry indicating overproduction of the water resources. It is apparent, 
therefore, that pumpage should be restricted and the drilling of new wells 
and the deepening of existing wells prohibited; most prudently as an immediate 
measure. Current knowledge indicates that over the long term there is 
not sufficient ground water available in the Amran Valley to meet present 
demands. Projected future requirements which, among other things, include 
a cement factory would compete with existing use and contribute greatly 
to the rate of mining water from the aquifer.

Based on the well inventory, there are currently between 400 and 
500 dug and drilled wells in the Amran Valley. Approximately 45 new wells 
are constructed annually which is balanced somewhat by the fact that as 
many as 10 existing wells are abandoned each year. Many of the older 
wells have been deepened at least once and many several times. Approximately 
80 percent of all wells are equipped with motor-driven pumps ranging in 
type from centrifugal to deep well turbines.

An observation well network was established in the area in 1974 by 
the USAID project and since that time selected wells have been measured 
periodically. Water levels in the area around ̂ mran town and at Al Jannat 
declined at a rate of 2 m per year from 1975 to 1978. Elsewhere in the 
study area water levels declined at a more gradual rate generally averaging 
about 0.3 m per year. Everywhere, however, the regional trend is downward. 
Recharge is noticeable in 1975 following a heavy rainfall but not clearly 
indicated in other years. Figures 15, 16, and 17 developed by Wagner 
and Nash (1978) show water level fluctuations in 7 observation wells in 
the ̂ mran Valley as related to rainfall. It should be noted that rainfall 
was greater than normal during this 1975-77 period.
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CONCLUSIONS

1. The area where wells can be successfully developed for irrigation 
lies in the south-central part of the "Amran Valley. Generally, the permeable 
alluvial sediments are thickest in that area and drilled or dug wells 
may penetrate one or more water-bearing beds at depth. Aquifers within 
the alluvial formation contain the principal water resource in the study 
area. The Amran limestone and the Quaternary volcanics yield significant 
quantitites of water to wells only where these rocks are tapped in fracture 
zones.

2. The alluvial aquifer system is currently (1978) being over-exploited 
and ground water is being mined. Water levels in wells are declining 
and discharge is in excess of recharge.

3. Analyses of four aquifer tests on drilled wells screened in the 
unconsolidated sediments and basalt constituting the valley fill show 
leaky aquifer characteristics.

4. The basalt flow northeast of Raydah acts to retard ground-water 
movement to the valley north of this flow. Wells north of this basalt 
flow generally have low yields and the valley fill may be essentially 
dry even at considerable depth.

5. The chemical quality of water from aquifers in the basin is generally 
good and suitable, with few exceptions, for domestic supply, livestock, 
industry and irrigation. As applied to irrigation of crops, the salinity 
hazard is medium and sodium hazard low for the great majority of the water 
tested. Boron, although present, does not constitute a hazard to agriculture 
in the concentrations encountered.

6. Enough data are not yet available to establish a meaningful water 
budget for the basin. Additional observation wells are required in the 
northeastern part of the valley and the observation well network needs 
to be expanded to include more wells in tributary wadis.

7. Current irrigation practices are inefficient with regard to water 
conservation. Alternatives to the open ditch and flooding methods of 
irrigation need to be researched and the results applied to local cropping 
procedures.
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RECOMMENDATIONS

1. The observation well and rain gage (monitoring) program established 
by the USAID project in the Amran Basin should be continued. Data obtained 
from the monitoring program will become more important, particularly as 
a management tool, as the ground-water resource is increasingly exploited. 
Although aquifer test data provide a basis for predicting effects of pumping 
on water levels, long-term observations of water levels are more useful 
in defining regional water-level trends. This is particularly true relative 
to achieving the optimum utilization of the resource and balancing the 
natural and artificial discharge with recharge to the aquifer system.

2. Five to ten percent of the wells throughout the area should be 
reinventoried annually. This effort should be limited to wells other 
than the observation wells where data are already collected periodically. 
Such a reinventory would fill in possible gaps in the observation well 
network and may define problems that are not otherwise immediately obvious.

3. In view of the declining water levels, restrict the use of water 
from wells for irrigation. Considering the political and social mores 
extant in the area, probably the only possible way to limit pumpages is 
to prohibit drilling of new wells and the deepening of existing wells; 
even this strategy may be impossible to enforce. The prohibition should 
stay in effect until pumping levels stabilize; at which time the policy 
can be reviewed. It may then be possible to gradually increase pumpage, 
balancing discharge and recharge.

4. Drill a deep test well in the southern center of the Amran graben 
(pi. 1, inset A). The alluvium and interbedded basalt layers have not 
been completely penetrated by any of the test holes along the center axis 
of the valley. This well should be continued to a depth of at least 100 m 
into the underlying limestone bedrock. The hole should be logged geophysically 
and permeable zones tested as encountered. This would establish whether 
or not productive aquifers exist below the depths thus far tested. To 
obtain maximum information, this hole should be sited solely on geohydrological 
considerations, avoiding any and all pressures to become a future water 
supply well. The upper section of the hole where characteristics are 
now known should be cemented off to preclude any leakage to or from overlying 
aquifers. Equipment should be on hand to take cores as indicated, both 
by the wire line and core barrel methods. This will be an expensive test 
and the question of using or not using surface geophysical methods will 
undoubtedly be considered. If suitable surface geophysical equipment 
is in country, the additional expense would likely be well justified. 
If, on the other hand, such equipment along with operating personnel must 
be contracted out-of-country, the expense of the geophysical investigation 
could approach the cost of the test well.

5. Conduct isotope studies to determine the age of the water from 
wells. These studies should provide an additional insight into the volume 
and mechanism of recharge.

6. Experiment with alternative methods of applying irrigation water, 
especially those methods that conserve water as, for example, spray and 
drip irrigation. Research simple and economical methods of lining currently 
used irrigation distribution ditches.
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7. Decide priorities on water use. Obviously domestic, livestock, 
and municipal water have the highest priorities. This decision recognizes 
that the ground-water resource is not being replenished as rapidly as 
it is being used. Once this fact is recognized, industrial use and expanded 
irrigation take second place.

8. Obtain data on ground water inflow to and outflow from the Amran 
Basin that is needed to establish a water balance. Data on inflow can 
likely be obtained by installing observation wells in wadis tributary 
to the Amran Basin. To obtain information on outflow, several observation 
wells should be installed in the northeastern end of the valley in order 
to observe water-level fluctuations near the area where ground water flows 
out of the basin.

9. Establish the elevation of measuring points of observation wells 
in relation to land surface and sea level by means of a leveling survey. 
The water-level contours in this report are based on an altimeter survey 
of measuring points and accordingly, show only the general trends of ground- 
water flow and hydraulic gradient. The water-level data will become much 
more useful when more precise measuring points for wells are established.
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KEY TO WELL INVENTORY TABLE 5

Well//: numbered serially by areas, but in no specific order within an area.

Location: hwy, Km72; means 72 Kilometers from Sana'a on the Sana'a - Sa'adah 
highway. Other directions are given from prominent landmarks.

Owner: owner's name, and in parenthesis the name of the well.

Approximate Age; The date when the well was first completed, however, on 
many wells it is probably the date when first deepened; 

v.old = very old 
d.m.x = deepened many times 
d.s.x = deepened several times 
d.Ax = deepened four times 
n.d. = not deepened 

= no report

Type: kind of well; dug = by hand local labor
drilled; C.T. = cable tool rig

R = rotary, direct method

Total Depth: given in meters; * = not corrected to L.S.D.
Rpt = Reported, Dyn = Dynamic 

Depth to Water: given in meters; * = not corrected to L.S.D.

Type of Pump or
Method of Lift: T = turbine, right-angle drive

S.P. = electric submersible pump 
63m = means pump is set to 63 meters depth

Yield: given in liters/second.

Use; use of well; D = domestic and number of persons using
A = agriculture-irrigation and number of square 

meters irrigated.

Aquifer: type of water bearing rock; all. = alluvium
l.s. = limestone 

basalt = volcanic rock, consolidated
cal. = calcrete

Date of Inventory; the date when the well was inventoried, two dates, one in
parenthesis, means that the well was inventoried twice; 
measurements made the second time are also in parenthesis.

Remarks; who drilled the well, pumpage, specific conductance, etc.;
SC = 600 @ 21.7 means The Specific Conductance in micromhos/cm

at 21.7° Celsius.
WS: means Wet season, or rainy season 
DS: means Dry season, or times without rains 
P: means Pumpage, or general average of pumpage 
h/d,d/w,m/y. means hours/day, days/week, months/year pumped 
n.p. means not pumped
Water Sample See table 7 where sample location! shows well number;

lab ID given here
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EXPLANATION TO ACCOMPANY DRILLER'S LOGS, TABLE 6

The driller's logs which are included in this report are copies of 

logs on file with the Hydrology Section of the Mineral and Petroleum 

Authority in San'a 1 . The units of measurement for the wells are inches 

and feet, following the practice of the Drilling Section of the joint 

Yemen Arab Republic-USAID drilling project. When a measurement from 

a log is used in the text is is converted to its metric equivalent.
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TABLE 6.—Driller's logs, Amran Valley, Yemen Arab Republic.

Al Uiij •*

°25

... .. 
About 7 Km SW of 'Amran city, at the village

. 4 i of Al Ha jz, "Amran Val ley. .2-lo.M t; _

...... . .. C< -aplctt-d

Oct'76 ,t:,'ap. Pt- ,
-sbovc

Rotary..

D ( ,. K>.v Ground ..._.....„. ,. fr> Yieid ... . .
S. P. -Resistivity, G .C. Tibbitts 

Ho. 2 Oxophyoieal Log.GammarNatural_ ._...... .... ...By. & J..W. Aubel

Salah Wasse , _ Sept_'76 .other Oafco. Hydrogeologic testhole .— .... 
M^ "WaAuu(y"ir«.e>v\ UieXL- K

--©--- --Pto Purapinc '.i-ntor Level— ---- -ft
• ir, Ufjta 

> i ;.p i :»'•.«• 3

Airlift test by - 
dril ler was a ;. 
reported 9U GPM i

j -Well was screened 
! and developed for 
| production use. \

LUhofcojjic DcccripUon

0-10* Clayey loam,pale orange.
10-120* Limestone breccia, 
pale yellowish-brown to pale 
brown,granule size,subroundec 
to angularjcomposed of 60% 
limestone;UO% calcrete nodults, 
white;55-90* coarse to very 
coarse size.
120-725' Limestone,pale yel!4 
owish-brown to pale brown;265- 
270' pale brown;290-295«,320T 
325',355-360',370-375*,U25- j 
^75* medium gray;475-500', j 
610-725' pale yellowish-brown; 
500-610' medium gray.

(2UO-245' Sample missing)

loam 
Brecciad.^

_Thlla> 

Limeston4-[-'-j-'

missing
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TABLE 6.—Driller's logs, Amran Valley, Yemen Arab Republic - Continued

_;'.„ Al Juui (Km 

»r , j ... ..025 : 

OCfir: i'

5) vx.; o? f ; :.i
About 1 Km east of Km 58 marker on the 

-, . ., Saha-JJa ^ah highway, ^inran Valley

>• iLl

V. .i~i s..
*V1

n>w i. S 11.

!' •.•.•••.-<•• Rotary

• t ' • • W I 'v/r t... lf*9 . 61' :

. r;r-v Ground^.,.. ... _ .. ..

MCfi«r- .

,. .Date,
M,

. F;-.. Yi

U May'75 .^

17 Dec'75;

.t5 * \1 .

,:• \eti.-i ** June'75 

:. p* , __Co'r{ec.-K«< 

.Drm-rio--;. . .._.

JriiJcj. H « Nagi i f> ;;.^ ^ c , 2 Gjopliysical Log.,

• {bed f,-. Salah Wasse.
M- I!*! «'d

•'f Driller's Log: !' 
! 0-175* Topsoil. 
' 17S-305* Basalt, 
i hard. 

305-3UO' Sand.

1 Oriller reports 
1 yif'.d of 50 GPM 
: during airline 
; deve1cpment at 
j 315* w/2" pipe.

.Sept.*,76 .Other Data. Hydrogeologic testhole

Oascr s.p» ion

\VVVW\ 125-180' Basalt,light clive- j 
SV^VvVI grey; crushed to very fine to j 

fine £ragments;170-175* w/ ; 
i 5% scoriaceous basalt,greyish,- 

V V VJ\red to blackish-red; 175-180* j 
w/20-25^ scoriaceous basalt. ! 
180-215' Scoriaceous basalt,, 
greyish-red to blackish-red; ; 
w/15-20% gravel,varied colored, 
very coarse to small pebbles, 
fairly well sorted.angular to 
well rounded;composed of vol-< 
canics;190-210' w/no gravel.

X

215-285' Basalt,dark grey to 
greyish-black;w/5% scoriaceous 
basalt;220-305* medium dark 
grey to medium grey;260-265* 
w/40% gravel.varied colored, 
very fine to small pebbles, j 
angular to subrounded;composed 
of 30% weathered basalt,dusky- 
red; 5% limestone .pale yellow;' 
265-275' w/80% weathered basalt; 
10% li lnestone;275-285' w/85%; 
weathered basalt;5% 1imestone; 
280-285* w/5% loam,pale red, j 
285-305' Loam,very pale orange 
to pale yellowish-orange;w/20% 
grave] .varied colored,very fi!ne 
to small pebbles,angular to sub- 
rounded jcomposed of volcanics; 
295-305* gravel is very fine jto 
granule size.________ ! 
305-3^*0* Sand,moderate yellowish- 
brown,we 11 sorted. j

I 
(0-125',210-215* Sample missing)

Sample 
missing

Basalt
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TABLE 6.--Driller's logs, Amran Valley, Yemen Arab Republic - Continued

LOG Ol? W.:^l, 
The well is located on the west side of

No.

Office No,»v , . -._ .._Dk-T.g tethod™. _. . T;ogwnlQ.J)ctl7.5.Cvaipletcd —— Jan:J6.,..

Total Depth.
H , above

Static W L^vel_J_2jL'_..rc ,0afce.l8 ._Jan,*.7_6.Mr;JiB.. Pt, _eT.l<5
Me 

>^.T5.. pt ., beioi7 L,,S n D., Kiev., Ground _____ . _ Ft- Yields... ........ ..Drawdown —— .,._„. ——
S.P. & Resistivity, Density G.C.Tibbitts 

....Rig No*. .5,_ Geophysical Log Natural ..Gamma_ __ _ __ __ M^&JLt. Aubel_

Samples Describa 

Pump Data: Depth

* Oi'lfi. bats. 
[ rinp Taota

cl By. Ade.l.Saeed_. . Datc^July^ 
,M, Rated 

I'* 01 Cftpacifcy'—— - •- — ©•
Wfell

7.6 ..Other Data..Hydrogeo.logic...te_stMls.^-..-~ 

o Pulping '»'-?.t.cr Level-- ..—..._i't.

Llthologic Daocr

0" 50 ' Sandy loam.yellow- 
brownjmedium to very coarse; 
w/few gravel ;quartz;basalt; 
few 1imestone.
50-130* Gravel,varied colored, 
granule,angular;basalt;few i 
limestone;55-60* few quartz; 
65-70* granule to pebble,subj- 
rounded to subangular ;95-10CI* 
limestone decreases;120-l 25'j 
very coarse to granule,rounded
o angular;125-130* pebble; I 
pasalt w/somc loam._______ 

L130-175* I.oam,grey;w/few gravel. 
175-210' Limestone,buff to I
ark;w/few quartz & basalt; 1J90- 

|l95* basalt increases.
10-220* Cla.y t pale grey. 

220-355* Basalt,darkjvesiculj. 
w/limestone & sandstone;225^230* 
w/clay;235-255' dense basaltj; 
250-255*w/few 1imestone;30s4310* 
weathered basalt;w/gravel;few 
[calcite amygdules; 33 5-340*w/.few
alcite crystals._________

355-360* 
ibasalt.

Loam,pale red;w/ves]icular

360-U35* Gravel,varied colored, 
pebble to granule;basalt w/lpam; 
370-375'w/few calcite crystajls; 
375-425* sand,varied colored!, 
coarse to very coarse ,roundejd to 
subroundedjquartz w/few basallt; 
425-435* granule size._____[ 
435-625* Basalt,black;w/few I 
intermediate volcanics & lime­ 
stone; 53 5- 540 'w/few quartz &j 
clay. _________________ I 
625-1125* Limestone,pale yeljlow 
to dark;v/few basalt fragments.

Sand

Loam
v//
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TABLE 6.— Driller's logs, Amran Valley, Yemen Arab Republic - Continued 

Site Al Jannat #1 " '"' ' • 1

025 ; Town of Al Jannat, Amran Valley

,,., Rotary . ,.:5S, , , Feb '75,.. , ••.,,0 .March' 75* 

• ...,-Vf, 5 Mar'76 -• ... .. ;.145 .

P. Osman ,... 5 .j-ophyuisal Log.™?6 ... .....

r . ;>. ,<; ,,, M.L. Eryani ^j.^ Oct'76 0*5,01- ;,,.,,<,., Hydrogeologic testhole
v , '":.-li:i*u :--'

On 4 Mar'75 a > 
preliminary pump 
test was conduct­ 
ed with air pump­ 
ing: 1 inch air­ 
line set to 100 ; 
ft. and pumped : 
for about 10 hrs. 
at an average dis­ 
charge of 8.87 
GPM. Total draw­ 
down about 3.30 ft. 
Specific Capacity 
=2.69 gallons/ | 
ft./drawdown 
Water sample ; 
analyzed: 
Specific Conduct^- 
ance=700mmhos/ \ 
cubic cm. 
Total dissolved 
solids=500ppm 
Alkalinity=170 I 
ppm ' 
Total hardness = 
JjOppm

\

ni-

< 
r
.
L

D

I-
. — -

D r
VI i

0 \- (

1

>

'v.v.1
:',!!i 1 11

i ;;;;
?l"
r3$

^CEMENT

*7*
1 ^4 <P

IT
)&"<61 '8 V 

HOLE

^

^PIPE 
o)

Sr AVEL
!)PAPK£P

r • * ! ' f -

-«- «.<Urf^M-« ^ •- > ^M. '

;j'-^- <t— | 0'-65' Loam, pale yellow < 
^'~' /~ '~" > brown, calcareous; 25-30% j 
;^2^,^; gravel, varied colored, sand to 

-,•— '~£*"j pebble, angular to rounded; ; 
'•"s^- •?-" 15% volcanics; 15% limestone;: 

3Q_. ''C~"^"~\ 50-60' pale yellow orange; 
; ^^^\ 10% gravel, sand to granule, j

G° • |i'^B 'T'^..,|/65-135' Gravel, varied colored,
•! o «a o «• ! very fine to pebble, sub- 

• (°%P °o "0°^ angular to rounded, limestone-, 
: ' °ff *sv "o ' (luartz » volcanics; 110-115' j 
J-SToooc,' granule to pebble, angular to 

/ '•|js'^o'"> ' rounded, limestone, volcanics, 
.iC^^o"^ i quartz; 115-135' fine to pebb.le, 
."•* * a<̂ > °°0] angular to rounded.

"ix£? $2*' i/ r i: * ~e *s\ \ 1 1~\ •' ^ ^^i\ ° * *1 Z.O- ' t "cUo ^ i
' ^o^ff^S • /135-142 ' Limestone, light brown

• ' ^"-oSs^ 1^ 7/142-145 1 Gravel, varied colored,

._^ • li ^..^/ subrounded; 95% limestone,
U i'Nv'% quartz and calcrete.

I5«4Z
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TABLE 6.—Driller's logs, Atnran Valley, Yemen Arab Republic - Continued

Site Al Jannat |2 

•V . . i ,..025 T/ 

!• ir: M..

•h>
ibove

About 2 Km north of ^mran town, and about 
0.2 Km west of Sana-Sa "dab hwy on the 
eastern side of Al Jannat village 

K"tV>d_. . ..Rotary... 3egi'.n ,l?Mar'75 c
17 May'7567»C70l

H,
l, -10, ,

i'leld

r.p'iotcd J.6 Jun'75._

Orii r-. P...0sman 5 .^Geophysical Log.. n?n.*?L___ _ __ ..

Saupli'.n b-^scvihad ?,y, M.L. Eryani_ Datev..Oct.j*.7A. .Otiics Data. Hydrogeologic testhple

[Ajtap On 1 a s n-f..th.,, . '

t Pun.p Tc"'-.3 i 
1 A-T:
J ;

1 I
t i 
t : 
i '

i \
'. c 
' *

; i
i 

1 i

't

C

t.t 
* CD

"o

4m \

|
,

r
rr

I 
i

0". nelly ....... ,-0~-
"-: * I

••

'.'.

1»•

<

IU/iiu'
m!
IUjfc^'

^ 
& V-j

"CEMENT

k HOLE 
•• ^g" gi 

CASING
•« xy 

S^^J ($

.CftSING 

HOLE

A"0 PIPE 
/SLOTTED

GRfWEL 
/ P(\CK

HOLE

I Daptii 
(Feet)

'

200—
..

800' "
' '

•H

- -Ft..- i''iiriij5t^i V.:'-o.r Level • -—- --Ft,

Log

818
*l*0'fl°'+-°

'S^SSSi
V \/ ^ V

^^L^^L

Oo o& "oo 

a o o* & *> o

p^&^O^O

?<90000°flo*v»-Si
»0°^ 0°fl<>

j 
Lithoiiogic Description

0-60* Sandy loam, pale yellow-- 
brown;calcareous;w/5% gravel; 
varied colored,very fine to 
granule, angular to subrounded; 
limestone and calcite;20-25* i 
silty loam, pale yellow-orange; 
25-50* pale yellow-orange.
60-150* Gravel, pale yellow- ! 
brown and black, coarse to gran­ 
ule, fairly well sorted, angul4r 
torounded;95% limestone, 5% qviartz; 
105-1U5' very fine to very ! 
coarse; 1U5-1 50* varied colored, 
mainly pebble size; 90% limestone, 
5% quartz, 5% basalt.
150-170* Basalt, medium dark- 
grey;contaminated w/5% lime­ 
stone, few quartz and calcite} 
155-165* olive-black to brownish- 
blackjno contamination.
170-2U5* Gravel, varied colored, 
mainly pebble size, subrounded to 
subangular ; 1 imestone; 17 5-180*. 
very fine to granule ;w/20% loam, 
deep brown; 180-2U5* coarse tp 
granule, fairly well sorted, ang­ 
ular to rounded;95% limestone, 
5% quartz ;225-2U5' fine to granule.
2U 5-310' Weathered basalt .1 ieht-

l«.4-«;dah
grey;w/10% limestone and calcite; 
250-255' less contamination;255- 
275*,285-295* no contamination; 
275-285* w/fp.v: ferruginous nedules. 
310-800* Gravel,varied colored, 
very fine-granule,angular-rounded; 
90% basalt,10% limestone,calcite, 
& quartz;330-3UO* very fine-pebble; 
125-53 5*, 5UO-565*.700-800* 6p% 
1imestone,UO% basalt.quartz;|35- 
5UO* coarse-pebble,angular-svib- 
rounded;80 7o limestone,20% basalt, 
calcrete,& quartz;565-580* 59% 
basalt,50% limestone;580-700* 
mainly basalt w/few 1 imeston*;;625- 
700* medium to pebble size. 
(185-190',305-310* Sample missing)

Silty 
loam

Sample 
missing

102



TABLE 6.--Driller's logs, Amran Valley, Yemen Arab Republic - Continued

'••».- Warehouse //1

.,. .. 025 {,

-. . i. 1000

LOG OP wm
About 1.5 Km E of Km 6k marker: 

, !: Sana-SaTlah hwy, Wran Valley '

n-,g.tv-t.h-xi, Rotary. .....

W Lr.vr.lJW

c1:^.. Ground,

uii 27Mar'.76..c ci. Jun',76

.Ft
M

R « Banasija^i,. No . 5

F' Yield. 
Resistivity, S.P., 

(teophysical Log.Gamma, Density _
J. Aubel& 

;iv'J«

>ih

M.S. Selui 
M-

Sep'76 Hydrogeologic testhole 

-Ft, Ptsraping '.,'-. t«r Lcvtl
M

(•\-IP.JX I'

^ t

\\ 
c

; C

i
!

]
c(

^
:>
D

\

I

/•*

r<mm

0
0

*-4

1
o

...
Ck.

•>?> :
?! !

•••,-::

4

i

T" 

fs

'Ti> ?t

"" CEMENT

M£"0 
HOLE

t"7,,.,
^40 
C\5>IN(^

-7
^4"0 

SLOT PIPE

CEMENT

*7

^V
HOLE

, 1 \\Woo -
ah \X 2jd<,

^ V.MOC

" ~'T " """ '""> 
Dapth . Log ' 
(Feet)j I

_____ I:-$a§jj$-
J'rt2$$$:$£

&J\) ' r;-.-;wxiarw\/

Jf^Ko
<?«« «^foo O

^QOooOo^f.:^%°o95|
1 «^*»jte3wi '

'. oSo -Ssroi>

. ' "V,V:v;-v.'V,-Va 
400 -V.V^VV.Vv

1 <>-.vww«VV! 
. jp^-xOV-

- ji^^S;~I^: *#•"{•i^Vs'^vrlw 
600 -"jlS^III

__ t>.''.\^f'^-'f :'•••

"^iSi, •r^^-^s
800 ^>v?t^: 

, ;;f.-«vV ;. ';'.">' r- 
- :up?.'si.'.'-;.':>'!4.

i-'!:-;'-j'.-'.".'::iV;

ippo .. '"?:•-•..: i-c*v.

s" ^

Li':ti.'» j^i.r Ucaccip ion

0-5' Loam, sandy, pale gray, j 
some limestone.
5-150' Gravel, varied colored^ 
1/8-1 6mm. , rounded to subrounded, 
40% limestone, 30% basalt, J0% 
sand. 30-150' subrounded to ; 
angular, 60% sand, 20% limestone., 
20% basalt. i
1SO-220' Sand, colorless to '• 
yellow, 1/8-2. Omm. , rounded to 
angular. Contains some limestone, 
basalt.

1/8-1 6.0mm., rounded to angular, 
volcanic origin, containing ' 
much limestone and sand. 285-325' 
355-360' loam present. 325-355' 
composed primarily of limestone 
with basalt,^ sand. !
365-375* Sand, colorless to j 
yellow-brown, 1 /4-1.0mm. , rounded 
to subrounded, with basalt, I 
limestone. :
375-415' Basalt, dark brown, with 
much sand, limestone. (
415-430' Gravel, varied colored, 
1/8-1 6.0mm., rounded to sub- ' 
rounded, volcanic origin with' 
abundant sand, some limestone.
430-450* Basalt, dark brown, • 
with some sand and limestone. :
450-470* Loam, pale gray, with 
basalt. :

Ts'so'

[470-1000' Sand, colorless to i 
yellow brown, 1/8-2.Omm., > 
]rounded to angular, poorly sort- 
led, with some loam, clay, basalt 
land limestone pebbles. } 
-(85—90', 190—195', 275-280', j 
samples missing.) :

Loam

Sand

Gravel

Basalt

-* 07' I 
Sample 
Missing
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TABLE 6.—Driller's logs, Amran Valley, Yemen Arab Republic - Continued

Warehouse #2 

025

. . ;,..„ ,. 700

About 1-5 Kin east of Kin 64 marker,. 
,.: Sana-£a ̂ lah hwy, Amran Valley and L . . .!"•" •! ^ • .

100' west of #1. 
,K v.'t.\wi\ Rotary ., gv , Jun'76 c ..p^.ctc d .Mar'77.

t.- t str*i.- ',1 L--VB.I... ~ 
:
•• 1 S,L\.. KJt-.»- Gt-ound. .........

.Ft. Pat ft. .\':--j.. PI , .
M-

.Ft-. VieM . .firawd-.w.' 
Gamma, Density, 

R. Banasijan,-... No . 5 03<>pi..y«ical j.og.Resistivity, SP.Caliper By. J.

E. Schluecter ,5 tp, July '77 .G.-hftz r>.s>.-i. Abandoned testhole
M

Driller reports 
development with 
airlift= 10 GPM

ELE.VAT ION5> 
IN METERS

Li«.h.

"%£&/£ 0-70" Loam,yellow-brown; w/
ach gravel of limestone and 

r\volcanic origin;some sand.
70-100* ,varied colored:

-l6 mm. .angular to sub- i 
unded ;lime stone and volcanic. 

100-195' Loam,yellow-brown;w/' 
some gravel of limestone and 
tvolcanic origin. ___________
195-205' Gravel, tan and light' 
grey to black, 1/4-160 mm. .sub- 
angular to subrounded;of vol- ! 
canic and limestone origin. ; 
205-325 1 Basalt, dark grey;w/ i 
some well rounded, frosted j 
fluartz grains. ___________ j 
325-385' Gravel, varied colored, 
1/8-20 mm., angular to rounded; 
of volcanic, limestone,and sand. 
385-440' Basalt, dark grey;w/ j 
some sand and gravel contamination.

which 
•':'•.'••'•';'/.}'. lessens with depth. j

' '( 165-175',190-195',460-465' ; 
Samples missing) '

Loam 

Sand

. * 
Amran, Sana
4-VOO'l

Gravel 

Basalt

4-4? 07'!
Sample 

Massing

;v^i
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TABLE 6.--Driller's logs, Amran Valley, Yemen Arab Republic - Continued

< : Warehouse #3 

:-i-.-.r,-f 025 

Of fie-. Hi>-_.

LOG Ol? ivVU,
About 1.5 Km east of Km 6^ marker, Sana- 

'. . ..> •'.-. u §a clan hwy, amran Valley and 100'south
of #1 

.. l~ri;r cV.thod,.

5hic» ...J 

f'JeLu N>

, 
Depth .4 10 ._rt, static W Lfivai __ __ ..ft, Date M:jae.. Ft,

,[) l fcv.. Ground __ ,_.„ ._.,_. Ft- Yf.eld.....H ._ 
Resistivity, S.P.,

..Gaophyoical

.Drawd<nn» ___ _ ...„..,
Odiani, Al Thari 

Schlueter

Pi'rap ?.ir:t,"i: Dentil,,, 

r Pump I'':.---!

( Driller reports 
j with airlift 
i development 70 

GPM

......... ... .,-.,. Dttte_
J1-. RotGd 

- 1'*' Capacity—-

Data...
lie

-Ft.-

j CcR!r»1.etiott & 
I

5 = I v i

rts 

70

t

i

* \ c
•^

1

1
• !

^. !
i i
| i
i

i

i
:

V

I
)

CD
00

.

1 1

^

r

CEWW

/I Si'

HO

^7

C\S1

-6% 
JOHN. 
TYP
•IPDC

110-140* Loam, dark yellow brown, 
jith sand and some gravel. j

/TRaydah AX

^*o^

Mo 
Wctcr Leva)— .—-—l-'t .

LithoLogic Dcocription j

D-5* Sand, pale yellow brown, j 
1/6-1/4mm., subrounded to round- 
;d. with gravel and loam.___j
5-25* Gravel, varied colored, i 
I6.0-1/l6mm., angular to sub- j 
rounded, composed of caliche, j 
sand, volcanics, loam,_____!
25-35' Loam, black to gray blapk, 

sand. __________j
55-70' Gravel, varied colored, 
1/1 6-8. Omm. , subangular to well- 
rounded, volcanic origin with 
nuch caliche and limestone, 
some sand and loam.. ______
70-110' Sand, pale yellow, 1/1,'6- 
16. Omm. , subangular to well- } 
rounded, with gravel of limestone 
and volcanic origin, some sand,

140-195' Sand, pale yellow brown, 
1/16-1.Omm., angular to sub- j 
rounded, with gravel of lime-j 
stone and volcanic origin.
195-290* Basalt, dark gray, with 
gravel of limestone origin, | 
290-295 1 Sand, pale yellow, 1/16- 
1.0mm. f angular to well-rounded,

avel of volcanic origin. 
295-315* Basalt, very dark gray, ~
515-390* Sand,"pale yellow, 1/16- 
1.0mm., with gravel of volcanic 
origin,______________
390-425 1 BasMlt, dark gray, with 
some sand.

J
,_^°07'|
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TABLE 6.—Driller's logs, Amran Valley, Yemen Arab Republic - Continued

Site Raydah South #1 LOG 01? V.P.,1-

025 5 (,.. About 2 Km southeast of Raydah, 7)v>M M 
^mran Valley

T-,|.J, IH-O li 200' n 3^r-r w l^o..'.,98.5o .ft Dal*J1May'77 .Kr-SK PtC=
' M 'il'fVt: M

-b> L.S-t>• j. U-U-v i -i.l' . M"" ('ro-.'jvrt. .... Ft-. Yield, . . .Dia«dx:

.,. ,., ,., s R.Banasijan,,;^ N, 0 5 Gaophyoical Log.none ..

OHiP.T. DJta.
s?. 

....CT. -F)..- Piiripin.g Water Lfevc."

Cepth i Lo» *

iBriller reports 
.with air 120GPM

M. 
4-'t -
• ">.

:„ —^._^ 0-65' Loam,yellow-brown; | 
j^'.'V'or'T1'! composed of sand & volcaniqs, 

/>. "^"" '" rounded to subrourided.

j 65-85' Basalt,dark brown;w^
; contamination of sand & grajvel.

'^OxI-X-l 85-170' Sandy loam,yellow- , 
; IOO '•<tr/^-.Vv î'; brown; composed of 75% sand |& 

'"; 10% volcanics, 1/16-10 mm, i
- \?&2Z£i\ rounded to subroundedjbecottes
-*>v>'x^>^j less clayey from 165-170'-

:S"-^>'^\ 170-200' Gravel,varied colcjred, 
^.^'^.9 \ 1/8-70 mm,rounded to sub- j 
"~' 1 *-"-j rounded;composed of volcaijics 

! and sand; 195-200' grain sizfe 
is less than 20 mm.

Sandy 
loam
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TABLE 6.—Driller's logs, Amran Valley, Yemen Arab Republic - Continued

Site Raydah South #2 

?r .1.7 •" . 025 . U-

of fie r...

-.,.„ .,.,;. 200

1
About 2 Km southeast of Raydah, ̂ mran Valley

>M and 100' south of well site #1

l.g :.-l.!vf!.. Rotary _ ?^,.j, Mar|76

>-•'<* -- % _ ,. 

r:j>^tt«u... Mar.'j6_

SinUr i? T-v,a!L ?8.0_O _^ . Distft _24
-Jbovp. M.
•ar.'.I.cv !.,.<:,!) , tUrv .Ground...., __ ,..,,„. Fr. , Yield...

liri.f ,.: R ' Banasijan- ? Mo . 5 .c-ao^ Log.

Pum

f.'.TiuTtbad ByM.L. Eryani. . Ust«x....Noy^7<?. .Othai: Dui.a. Hydrogeologic testhele
tl Kot-;d H Mo 

'.a; L''»1 *\ Fi. - £sp."ei.tv. ... .. ,..©_. .-.— ...Ft, )1uw>Sp<1' './atcr '/cvcl--- • •_ -t't ^
;,.. [',.}.'« " ; """ W?-U ' '"'""i *hT""~ - j-.--'- -—. -..-. .... —^

:p Tonta ' Cc-r.-'k'Hoc & I pt ) ^ j Litho/.ogic Dcocripi-.ion j
_[_IFeet^ ......L,.... _..„_„..,,.]

••This is a 4" obser-' 
jvation well.

•

(J

3<*j^

>•

_^ '

!
<

—

<
D < &
- (1

f

S
u jT •
'*! '

i
" i
•

CEMENT

HO!E

C\SIN^

- -<^4yEL
f PACI^
^"(h

" SLOTTED
"PIPE
D
( 

&

50- .

. _ ..100

0-65 1 Loam,yellow-brown; , 
composed of sand and volcanicb, 
1/8-7 mm,rounded to subrounde L.

65-85' Basalt",dark brown;w/ 
contamination of sand & grave L.

150

200-

85-170' Sandy loam,yellow- 
brown;composed of 75% sand &

Z'&^&J?] 10% volcanics, 1/16-10 mm,
rounded to subrounded;becomes

't&'^r^l ^ess clayey from 165-170'.

170-200' Gravel,varied colore I, 
1/8-70 mm,rounded to subroundjd; 

-|'*»V!tt^J?>i composed of volcanics and sanlj 
1 r 'rvv.j ig5_200'.grain size is less 

' than 20 mm.

!

-,'.......___i
!o .»• i ^.. M .r/ , , til 

:,Sa'dah XS^^y^ J^ '\^asy



TABLE 6.—Driller's logs, Amran Valley, Yemen Arab Republic - Continued

Site

t'r . .- 

or-<,•

Raydah South #3
About 2 Kin southeast of Raydah, Amran Valley

She.-', 1 „ of . 1. .

025 '- • M'.i and a^out 100 ' east °f well sites #1 and 2 ?: c ld N»

; ••.•i ::-i'.ic<'.. Rotary^.. ,,r«i!r* 26 July'77.: :< T,£ci...<i 14_Aug'77 ...

.Heat, P,t <._„....lh 200 .rt Static W L<rveiL
H above.
i 'v»i .•> • «; o . Ki?- Urouhd. Yield,

on. i ,:r BannistijanRlfc No-5 .Geophysical Log S.P.-Resistiyity _ ,.By lJ.Aubel_

-. ", nr.at.Tlbi»d a>.Saleh & Taj o«t«. July.'.77 Other Data. Production testhole
h, Uotcci M,

r-.'».; i'-.j-.-trv ."t^ c»vrtci«-y- - ..-.«>.. ---..Ft, inimpilng '.vot.tr Level-

"!v'p r'^* C,^.p'Sriou 1 | °apth ! ^ I U>.ho>cgic Description

LtKte*lL._ ... ',....... .. ._.... -._...

-Ft,

^

.! 0-65' Loam,yellow-brown; i 
i composed of sand and volcanics, 
J 1/8-7 mm,rounded to subrounded.

65-85' Basalt,dark brown;w/ ' 
; contamination of sand & grave)..

jo'V^^i 85-170' Sandy loam,yellow- | 
^•'^-^^'^ brown; composed of 75/6 sand &
JX^H^Si 10^ volcanics, 1/16-10 mm, 
\-£s$%s£ rounded to subrounded;becomes

J i^vr^V^! less clayey from 165-170'. • lo'/'vvs^i

-|^gS^,oo 170-200' Gravel,varied colored,
• •$sfy£/°&&fii 1/8-70 mm,rounded to subrounded; 
r^^^vyv^vii composed of volcanics and sanl; 
^».r<..».Wi. i95_200« grain size is less 

' than 20 mm.

Sandy 
loam



TABLE 6.--Driller's logs, Arnran Valley, Yemen Arah Republic - Continued

;- .+ Raydah Middle //I 

025- .I-**.,

rtfflre

About 1 Km E of Km 66 marker, Sana-

.,.,,..,.,; Kornry ,., Frh'7f> 

,, , . • ..., 107.04 .., . f> Kol>»7fl

£•',«•: -U N'"

Corrected to

lit liter .1flJlnfl8ti -' an.I< ( N«>

Sump tea Ocscrihp.ri is-.-. S^luwi
f) ,1

JAmp

Aug'76

:;.!'. f, Renlstivlty.Cnllper, J.Aubel 
Nnttirnl Uammn, Density. ::•)• J.Zalfullah

•i . ,. Hydrogeologic testhx)le

Ul IJ^O l.'rtLn ,

Piiop Te n t a '
Ct^-. !

Observation well ,
for aquifer test,
6-11, Feb '78

s

!
i

!

i S 
[ : ,' <:

i I
i

i j

c

.c
c
0,

1

}
'Q-
__

V̂

)
I

V 
c\
•<

J - l»<;-|

u u'[
) /
) s

i
L.~

1
J

*<" >l 1

d/; i." * *

4

**f**

^CEMENT
v_l5'$
(HOLE
fat" 4
Jew.*

IIOI.F-
'/0"0 ,

CASING,

H; .
(_6 <p :

CtelNtj!

^y ^
d7& 0 ' 

HOLE

onr

8OO

Raydah

0-175' Gravel,varied colored, : 
1/16-40 mm,rounded to subrounxled; 
407. lime e tone; 307. sand; 301 i 
hasalt;0-25',115-140» sllty ! 

, lonm,pale grey;w/some basalt^ 
\dsrjc_brown. _ ___ ___ __ 

\ 75-27"5• •" n«8«.Uj^firk_brown. , 
r'?75-.l(K)' Crave I, varied colored, 
k V-TO nun,rounded to surrounded; 
W>07. b<iH,HHj_40% f andjJ.pX linnatone. 
VP'O"- 315«" Hnsa 11, dark "b'r^own. , 

\ 315-39*5• 'Gravel,varied colore*, 
\i-30 mm,rounded to subrounded; 
407. basalt;357. sand;257. limestone; 
^360-395' 1/16-4 mm._______} 

[\395-4?5 l Basalt, dark brown;w/ 
iWnd;400-410',420-425* w/som<| 
11imestojie ;410-425'w/out aandj 

i ^ i/vi/ 142T-435' "Clay",pale red-brownj 
v!/</*/ |L/few basalt fragments. j 
" - " " ' |53T=W'~Baaalt p dark bro^nTw]( 

jjsome clay,red-brown;455-500* ' 
<r/sand. ;

V \) V 
^ U ^ t/

n» 
e%f

500-515' Clay, pale red-brown 
/soiiie basalt f ragments;w/f 
and. !

)l r)-735' Bnsalt.dark brownjw? 
** nnnd.

v */1
V \/ «/ </ i/ tf >/\
I/ I/ V \> J >/ </ I

\J \j \f \f V \J

V \l \l <J tf !/»

V l/ if V \> •
*/ / v i/ K </ 1735-7R 1)' Clny,pnle red-brown{

lw/norne llmeatone fragments; 745- 
|750',760-775• grey clay;775-. 
^R5' dnrk brown clay.________

.7R5-1000' Basalt,dark brown;; 
Iw/abundftnt sand.

44°o7 I

109



TABLE 6.—Driller's logs, Amran Valley, Yemen Arab Republic - Continued

flc £
About 1 Km E of Kin 66, Sana-J3a dah liwy., 

.Ui.-Hf.Mrt.hwy, Amran Valley, 100' W. of well #1

Off left No,..- UiV. !•' 

Tola I Ttepth.,580 .. ..ft S«..,t

Rotnry Mny'76

Do an I I y,Nntura Gamma,
.> J.Znlfullah

Samples Dfticri!>«d 

Pu«p Data* Depth

Seluwl jv. • July'77

Amran, Sana

Silty;~-- Gravel loam' .•-'•'

Ilydrologlc teathole

, .-;, '.-.; ; i.\ Lv^J

0-175' Gravel,varied colored, • 
1/16-40 mm,rounded to eubrounded; 
407. 1 lines tone; 307. Band; 30% > 
basalt;0-25«,115-140' silty 
loam,pole Rrcy;w/8omc basalt,, 
dark brown._______ ________
'l75-27_5' Basalt, dark brown. 
275-300' Gravel,varied colored, 
S-30 mni,rounded to subrounded; 
•J07. bnaalt;407. sand;10X limeatone. 

brown.
Gravel,varied colored, 

\i-30 mm,rounded to eubrounded; 
407.basalt;357. eand;257. HmeeCone; 
360-395' 1/16-4 mn.________
95-475 1 Basalt, dark brown \vf- 

sand ;400-410«, 420-425 'w/eome ! 
limeetone;410-425 t w/out Band. 
'475-435' Clay, pale red-brown;1 
w/few Ijas.ilt fragmente.

brown;w/
omt> c i,, y rod-brown:45^-500'.

*

W/_n f __ ___________________
v >/• >/ u >/ v y^OO-51 5 ' Clny.pale red-brown;i 

w/some bnanlt f raRmente;w/fev^ 
and. _________________ i 

Beealt.dark brown; . 
w/eome snnd. .

Clay --_-_.. Basnlt '
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TABLE 6.—Driller's logs, Amran Valley, Yemen Arab Republic - Continued

Site Raydah Middle #3 ^ About 1 Km east of Km marker, Sana- Sa dah
hwy, Amran Valley, and 100' south or #1

Office Ho... 

Total impt!». .545
I! .'.»»•'••

Ilo tary Apr'77

(l.'iuiuia, l)cii:tliy

Jun'77

Odaini,

Or 1 1 !«?«.,

Sanplea

Pump Data: Depth

an i - 1 >.-, 

l v.y,

Detn
. Pump Tents 

.__ft»&.,__„.., 
Borehole abandon*; 
ed due to drill- i 
ing problems.

I/ V v v V 
„ • v v.v v
v v \ ', v y
V'V . V V V

v.v vv

llun iul.lv I ly, :;.r., Caller Aubol, Athary 

. ; Hydrologic testhole

0-175' Gravel,varied colored,! 
1/16-AO mm,rounded to subrounded; 
^07. Hrnestone;30% quartz sand}

grey;w/some basalt, 
dnrk brown.

l tdnrk brown.j .
?7 r>-10(i' Cr/ivol ,vnrlcd colored, 
S-TC mm, roiintloi) to aubrnundcd; 
r>07. I>ni«i1r;407. a«nd;107. lime-' 
• tone_._ ________ __ _._ ____ , 

'i. 31^ ''Basalt .dark brown.
115-395' Gravel,varied colored,, 
"5-30 mm,rounded to subrounded; 
407. basalt;357. aand;257. lime- 
stone;360-395',1/16-4 mm. ;
395-425' Basalt,dark brown;w/ , 
sand;AOO-410',420-425' w/some • 
limestone;410-425' w/put sand

v' v ^1^/425-435' Clay, pale red-brown; j 
~,~J~Sr\?y/£ev basalt t fragments. __' 

'^435-500' Basalt,dark brownjw/ , 
^'some clny,red-brown;455-500' j 

snnd.
' Clay,pale red-brown; I 

w/some hasalt fragmenta;w/few { 
p n nd.___________________j 
515-545' Basnlt.dark brown;w/~i 
some eand. '
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TABLE 6.--Driller's logs, Amran Valley, Yemen Arab Republic - Continued

Atout 1 Km E of hwy, Km 66 marker, Sana- 
Ji25 i. .MM,- Sa'dah hwy, Wan Valley, 100' NW of of , ,«. .; -, .

well #1 ,_ u
;;..p 'yy .;•-., i Feb'?8

Office NO.. . Of ,.

Tftte* T'fcpili .605 ,1'r ::
'•( /ibf<« % ?

to. L.S.D.-M I*-*-.'- ?• i»

corrected

UV..A! Thary Fob «78 i Hydrolorcic testhole

Or'igTn&ta' "T" 

Pump Testa ,

Aquifer Test: j ' 
Pumped 4 for j 
64 b^ours ^ 154 ' 
0PM (9.7 I/" )i i 
w/ a total draw4 
down of 7.05 ft,
( 2. 1 5m ), pumping;
water levelc j
117.23 ft. ;

Specific Capac- ;
ity» 21.8 gnll-' 
ons/ft. dd., , 
(4.5 1/s Per m \\

|

i

i i

i i

L

i

U
T V 
D
P

Vi '

i-mo

- 1 

1

) ' 
~> 

1

n

£,--

i 1 ! 1 ! 1

'•'•''"' ' '*' '. . r.- ' . t :.r i\;,icri.v. ;t-n

CEMENT Vy-To0 0-175' Gravel, varied colored,
<*oO^^o 1 / 1 £ / M «~ __..^~i .j » M K . w*.~.._.j A *\) o vQn -i/io— <*u fnm|ronnn^n r»* w^»*rovTxiGO ; 

^^o0 * 0 /* 07' H me D tone; 307. sand; 30% 
• oo°o«o"° bnBfl1t;()-25«,115-140' sllty ; 

r) t ,' ^tjllft)fo 0̂  lo<im,|jal«» Rrey;w/some hasalt 
t|p'^S ! IZS 'o/^-^^-So frngmpnta.dark brown.
.(nip - •,"{''.*'— VX /17 ri-275' Basalt, dark brown.

) ^.<?.7J p<?'o/J?75-300' Gravel, varied colored,
i ' 'vy^^v K-30 mm, rounded to subrounded; 

"y^^wu l r>0% bnaaltjAO?. sand;107. limestone
*V tf "i/<s >/ w //300-31 5 ' Oasaltj dark brown. ,

! 2SO' '^^vivl//315 ' 395 ' Gravel, varied colored, 
• '; ' jLjf-^J/ v Y I//V-30 mm, rounded to subrounded; 
( 'e>'<b ' • 'J^<?o*g"l WL bnsalt;357. sand;257. llme- 
C^WCj ,«»/^^^^/8tone;360-395'. 1/16-4 mm. ;

^0^*^/395-425' Basalt, dark brown;w/ 
J'^oo^c /sand ;400-410', 420-425 ',w/ some 

37S ''oo^-ogrt/ limestone ;410-425'w/out 8and. (
^JL. ° ° J° / /42 5-A 3 5 ' Clay, pale red-brown;! 
i iv/ji^v i/_^y w/few basalt fragments. _____ ! 
t3^5if>i:-74 35-57)0^ Basalt, dark "brown; w/ 1 

v "wvv>/ Home clay ,red-brown;4SS-SOO' j
t'l/tvvi/ w/nmitl. __ __ _ _ i 

500 r_.. TT..._/ij ()(,_r) |rjI "ciny",pale""red-brown; ,
l -S"(^*&0 ""v~j"\j~v~v7v7\ w/ Bomc hnsnlt fragments ;w/fewj 
Linr v v/ v/> vV \sand.
SCREEN .^v^>'i 515-605' Basalt, dsrk brown;w/.

) • i/'v/ v f' vv/ Home sand.
•\ ' feno' '.W u vvw/

5HOE

ciay :-:-:;• Basalt

112



TABLE 6.--Driller's logs, Amran Valley, Yemen Arab Republic - Continued

Site Menjidah #1

IT,;.' -.925 L, 

-•ffu- r'.,

'•' ibove 
i«'t j,a'i<

F. Osman

LOG C;;-1 '. ' • .-i..,.. i . , 
About 4 Kin east of Km 64 marker, Sana-J!a llah' 
hwy, and about 0-5 Km south of Al Menjidah, >t, , d •• 
Amran Valley 
»-,,•,!,.<. Rotary ,;c«wrJ^.Jurl ' 7 ^C t^-ctcd. 2.5 Jun> '

I ,o,,0, , Kiftv 

r-i *!.,, 5 (

M< 
Ft- Yield

. P,".. . 

.Dxawdovr.t

Suiopt-a '.)t:!TCi ibtd ?,;•;. Adel Raid . »5tr.e,.Sep.'7.6. .Other Dafc/i. Hydrogeological testhole
M- litrrd M- 

l'«.mp ..,*A ; uspth . Ft capacity..-- .--«.. ... --..ft, Pimpi,^ w.itcr Uvcl- ..
i n;'Jf, L'f-Ui Veil 

E B-u r . Diogran
f ; J
; Driller reports j 
' no traces of ; 
water found. j

254-265' Lime- ! 
. stone, very hard; | 
; used hard form- , ^ 
ation bit with i o 
500 Ibs. hydrau- 

; lie pulldown, the 
1 speed ww 1 foot < 
J per 37 minutes. .

i No casing MWW- • 
1 installed. .

t

i

HOLE

(FeltV ^ 1 Ufcho'°8 lc Uaacrip .ion j

;.-j __'.]

• LJ
"\

100 \.r— -

rj'". i
• ; 1

200 J
:
:j __
;l ———— 
-1

300 •• j

.. i!

0-265* Limestone, buff to yellj- 
owish-grey;qpntaiminated with! 
some loam; 140-26 5* yellowish-! 
buff to greyish-blacky \\**.ejr4*'

I
J
i
!

i 
i
i
j

1!_

*h
"is'so'

Kilometers

Elevations 
in meters

'Amran, Sana 

L i me s tcne[' [ Y

113



TABLE 6.—Driller's logs, Amran Valley, Yemen Arab Republic - Continued

Site Menjidah #> . About ^ ^ eaaf' ̂ 'marker, Sana-Sa 'da* "**' * ' ""' 

Pry)T , 025 L,,r«..-,jn hwy' about 0-5 Kin south of Al Menpidah, and c j d No 
"-""" ' " about 100 M west of Menjidah #1, mran Valley.

O£ti* :?.!>-... •>•• IR te'LVinci.. ...Rotary.. ;cgur-.29 .Junt.75C-..:if.tetcd.lD Oct.!75

l'ot ak >epth.,. ,479.._.I-l 
M . nbove

W L-.v?.l.l52,2.9 . ft .l. Sept* 76 :*..««•, P*. .
M.

F. Osman .5 C.iaopl\ysical Log... .^°J^L_.„„..__ .By.

Saif Ali .„ Date. Sept.'76 .Other Data.. Hydrologic testhole _ _
J1- UjUcd M,, ' , M,, 
'' Caj>.ici.ty. - .,.-0.— - ——Ft., Punj>J.ng Uater Level-- -——Ft •>

Driller's report.: 
found

( at 190' increased;
,-with depth.
'Airlift tests:
j@ 275' was about
(120 GPM^.
•@ 400' was about I
1230 GPM.
i
jwell was screened;
and developed for' 
juse as a produc- '
tion well.

a-^
: u

i

'. 

, T

, . (i

Cc-f

L[ 

i

i
f 
f'

H

:1

f.»Ctt

— ^-_^— _^« 

-^^-Tt^TX

i

Ol
n 

«

1
1m

•+*

i &

tetHT
fl5"0 
\HOLE

CASING 

HOLE 

CASING

GRAVEL 
f PACK

5HUTTIF 
^SCREEN

,3 'PLUG 
CEMENT

-1 V 0 
HOLE

Dapth 
(Feet)

"

200 ]

~•

400 "

,_

""

ft

Log

?^y&i
\/ v/ x/'v'i/

n 
== ae

14-
h
s
( *•

h
•Zz*

1 
Litho'.cgic Uascrip^ion

0-i5' Gravel, pale yellowish-! 
k brown and black, fine to peb-j 

blc size, rounded to angular; 
composed of limestone.
25-140' Vesicular basalt, darl 
brownjcontaminated w/some 
limestone, pale yellowish;35- 
40', 85-95' w/out limestone;

^v^izi-i^U' limestone is rea. i

^99 ts

^

^

L

140-470' Limestone, light red] 
to pale yellowish-brownjw/ 
vesicular basalt; 140-160' al 
light red;160-165', 180-185', 
230-235', 250-255' w/out vesi( 
ular basalt ;305-325», 350-360, 
370-385', 410-41 5', 425-430' w, 
black limestone.

(190-195' ,295-300' ,345-350' , 
385-400' Sample missing.)

i 1

yh
15*5O

?. . . . y /
Kilometers \J/"

Elevations 
in meters 

15*44'

.<,;. ,•

Sample r 
missing
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TABLE 6.—Driller's logs, Amran Valley, Yemen Arab Republic - Continued

Kharif fl | 1,#2 t #3,#4,#7 LOG OF WriW. . .l-oi: .1. ..

022 «.,. •/..: About k Km northeast of Raydah, Amran Valley ,el.d 'j.

jfc'f ic,' ''.-. • . . • •. )i3 .j'-ytV;'-!!

1'otai Us?.pt.!>. ,.._,,..[•>.. Static W- l.r.vcl__—_.FUData___„.._... !S.;aEc Pt, .„
M, .'Above Mr

Bourgoin
.s.i<s Ko,."....G-ophyaical

.Otho;
J^ itufcr.d ^5 Cl 

?utap Data: Ui?,pih.,_ ..i-t, c.iprtcity.— •— -— ~-@ — ——— Ft» Fumpx :-j,- WaS.o.r Level

#7.

Di-lg., Data 
Pump Tests

wells were di 
lied complete] 
basalt. #3 
iched a possibl
of 281'. Too:
•e lost in holt

Well 
Con-pic t ion &

Diagram

•y» 
y
e
s

Depth Log

3

t

^

-
Î".

i

1
n
^.ji

— y

Litho).ogic Ucocsrip*:!

-.-.-I'fc., 
. ,

L7J
V— t
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TABLE 6.—Driller's logs, Amran Valley, Yemen Arab Republic - Continued

<M,C . Kharif #5 , .. L03 O e.. 

Pro jec '.922-025 ... LounU.cn ,Ab°ut 4 Kin northeast of Raydah, W-an Valley'eld Ko. 

O£fir.-, lk>-. ...._.._. .. _.Dr]l g,tothod._?o.'ta?X ____ . . 3egun_.jiHL'L74,™, Completed __ .

Total Depth-.J?J?5 __ Ft. Static tf~ LcvpJ._141___Ft,Dat?e
M , above M» 

____ _ Ft.- belct; LoSoD c , Kiev, Ground _______ Ft, Yield ___ ..„ _ Drawdo^is __ .

.Aig No,..__Gaophyoical Log_none_____

«s Described By. ...._._._.„__.Date___,„._.Other Dat
M. Rated M' Me 

Pump Data: Depth......— .Ft, cap«city..-»...~—— &————— Fto Pnupinf; '.falov Levi>?~——————Ft,
Drlgo Data 
Pump Tenfco
etc-

Small amount of
water hit on
17Jun'74, but nol
sufficient for
development. Hole
reopened on 12Auf
'74. Hole had
caved to 422' anc
had a SWL of 342 '

'well""'"" 

Completion Si
D x S-L ̂  f o co

I
* 

None

___ __ ̂
!_ocf.Uo!i M.-.p -v

Depth j Lo({ !

j I"1

I»
(~i

"<

^
T
~1
—— 1

-«

^=!
- a
_ ..;
~j

J]
""<

^"*~S

1
6~3
1 ••"

*•~'»
15~i

^ a — '.

Litiiologic Usoci'iption

C7J



TABLE 6.—Driller's logs, Amran Valley, Yemen Arab Republic - Continued

^te.Kharif y/6__ _ LOG OP WELL Sheet J. __ of 

Project _ .02$ _ location .About 2 Kin northeast of Raydah, ^Vmran Valley/.eid Wo. __

Office No, _ „ ___ UrT,g.&i<.hocU. Rotary

Tots: Uaptb- ..R76..,, t't, Static W Lcv 
W . above

Ft .- below L 0 ScD, s Eiov-Gsroand

2egUR_SeR!.74.™Ccr.plctCQ _ QctJJ4 t

rtoDate^iJliil7.5..Haan u PU J^£l£
Me 

Ft^ Yield __ .»,._„ Dx-avdc-.ro_,

No, „..!_ Geophysical

Sniiipic,u Described By_„_.__.,.. ̂ _^,._ Date
M, Rated 

ua: Dfcprh...... _H» capacity-

Well 
CotT'pleticm 81

._. Other Data_A,> 
Mo

iing Water Level—-. Ft-

Driller reports 
40 GPM by air­ 
lift.
Drawdown and 

j recovery measure 
ments could not 
be taken. 

| It is* assumed 
) that the well 
j could produce
much more than 

j 40 GPM because 
j of fast recovery! 
| and surging of j 
water outside 
eductor pipe.

1

i

2

j

1

»_



TABLE 6.--Driller's logs, Amran Valley, Yemen Arab Republic - Continued

Sheikh (Km. 72) LUG Gi- -.,;;:.).
About 3 Km west of Km 72 marker on the 

Proj< ••: ., 025 ., l'>.-n* ;.osi, Sana-ga 'dah hwy, Amran Valley

Of Hoc ,«?„- 

Total Dpot

Ji ig.:--:i.ii'.ii. . .Rotary...,, : 

r: W L?,-;el_,~CV£^ . .Fttli. - 80°. ...L't.
X ibrwe M-

ft bcUiv L S LK ,, Elr.v .Ground..._,_ _..... Ft

7 .5

In Ld K ") 

:£«. d . 28Jun« 75 

Pt ... ..... .

DrUieir. H». Nagi .. .Ri.g Wo». 2 .Gaophyolcal Log..

Snmpi :s Described By, M.L. Eryani D*te.«Qct..'76.other Data. Hydrogeologic testhole. 

Pump -"5.'*: Dsspth. Ft, capacity.- -• —€?• ......Ft.., Pvirajjir.g Water I^veJ^ ...-—.. -pfc*

Pjrp'rent'n | CoraoAfttloH & (Depth, Log | utho»ogic Description i
1 (Feet} i j

Driller reports . 
slight trace o£ • 
water, not meas-' 
urable. i

Borehole was not, 
developed. >~

\ HOLE

V 0 
CR9NG

. —— ..S^J ———..|

0-485' Silty loam,pale yell-{ 
owish-orange;calcareous;5-10*. 
gravel,varied colored,pebble ! 
size,angular to rounded,poorly 
sorted;90% limestone;10% clay;

200^---S2T!^~.^ calcareous; 15-20' w/few rounded 
to subrounded limestone grains; 
20-25* dark-brown;75-85*,230-; 
245',Z50-470't w/very few fine 
to very fine limestone grains; 

>~1 Y6 0 i ' '*r-:-?^2'\ 165-175' ,210-215' ,220-225'white, 
HOLE i 400 - ji?:3v^::>yi: highly calcareous;175-180* ,215- 

' -S-.--'.-»;^:i 220*,225-230* moderately calcar-

j--.-..^y ;T-."V
j/y.-i-.V^^.,

^j\6rownish-black.
485-800* Loam,pale yellowish- 
brown,calcareous;w/15-20% I 
gravel,varied colored,very ' 
fine to granule,angular to sub- 
rounded; composed of limestone; 
625-650' w/10% gravel;680-69()' 
w/10% gravel,3% calcrete;690^- 
730* wAO-50% gravel,5% calcretej 

=^~j 730-800* w/40-50% gravel,no j 
calcrete. i

Sandy 
loam
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TABLE 6.—Driller's logs, Amran Valley, Yemen Arab Republic - Continued

Al Gusjir //1 (Al Ghola //1) "' :- 0;: '- s:-.*.
North of Km 76, Sana-Ja fdsh hwy in the" 

025 wadi below the village of Al Gusair, ' ."'-.T.'<1 ? 
Amran Valley

•> , "•. Rotary ._. -.?£•-•. . . ./. -\. ;-:--•. Feb'75

rs.*. , 410 , , :;,,,,. : . ,;? .... .-,... ... p.ltft . .v.,, p, _

:•'.. !',<:••: i. •' ,0. , .-.'C-v Grounn, „„.„,...... ..Ft Yic'fl ..none _i?x.T.;dc::- " ,. ...

F. Osman - ;; ; 5 oor-hyaical Log...none ....... . . .By.

.^'Pi-i .•' 'M-:'.. ' -•„; :"•• Saif Ali l}*',:i\,0ct[76 Oi hair r/^t ;-,.Hydrogeologic testhole-

0-15' Loam, silty, pale yellow

! 15-250' Gravel, pale yellow, j 
,• brown and black, 2.0-4.Omm, j 
1 angular to subrounded, lime- < 
i stone origin.____________[

(180-245', 250-410' samples! 
missing.) i

44°<96 i

Silty loam 

Gravel

Samj'lc 
Missing
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TABLE 6.--Driller's logs, Amran Valley, Yemen Arab Republic - Continued

Site Km. 76 (Al -;hola #2) L0vi Ol7 '• EI>L Shco
• North of Kin Jb, Sana-Sa^ah hwy, at the 

fr^J00*—9?.5.*... Jko&alicn.,' . Jpase of the limestone* cliff, Al Gusair, lold No 0 Km. 76
•'Ainrah Valley 

Office No,_,._... .Di\v r i; Heflicd__R£tarjr

Total DepthiSSL-F.; Static W,,LeYcl_None__Pt Dato_6Jul7.?J__Koaw.. J'«, s-;
above 

-_______belov L.SoDo,. Elev?0 GroiKid^________Ylald^____Drnvdcvn.

?al Loe^i. 

Samples Dascrifctd T '.v SaLak 'Jasse 0;»to Aue76 Oth ji" Data vj Hy_drpgeol_o^ic_tg_stholg.

Pump

j Penetration rate
from 2'»7 Vt. to 

j 2U8 ft. was 9 mi 
i at 75 rpm and a 
j 2500 hydraulic 
• pulldown pressur 
, 850 psi torque

No traces of 
, water.

Dea

0-1UO Limestone, greyish- 
white; 5-10 with quartz,sub- 
rounded; 15-20 with loam, 
pale orange.

r i 'r |L^1UO-15S Argillaceous lime-
stone, pale grey.__________
155-185 Limestone, greyish-

K white.________________________
!85-2i30 Argillaceous lime­ 
stone, pale grey;220-225 w/

\large amount of calcite. 
2'30-2UO Limestone, greyish-
white. ___________________
2UO-250 Argillaceous lime­ 
stone, greyish-white.

?'—Zi Argil laceousp*rs.*n 
bli_^ limestone LL-LlLl m

Limestone
i———I
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TABLE 6.--Driller's logs, Amran Valley, Yemen Arab Republic - Continued

Site Al Gusair #3(A1 Ghola #3)
North of Km 76, Sana-JJa'd"ah hwy ̂  in the wadi 

i-.-.-t >•:•» below the village of Al Gusair, Amran Valleylfti'.d N-< ...r j j*; '.- 

Ol!f ice

°25

1000 '

Rotary

259 
i".vni_ 262.72'rt

:<egun,.7 _Jul ! 7 .5 .C.f 
1 17 Dec'75

Nov75

-^ui.j u S .[). , T-.; ..- C'.-r>und^.. ._,. ,...„. Ft- 

»fi.J.CT H_v Na§i . .p.i.j' No. 2 .v^aophyoical Log..

:fi, Pi - Sr

.Dvau/dowrs _._„..._ _.,

•{,* ,Taj. Yahya _ .. Oatc_.^Qct^76 .othft.r Data_ Hydrogeologic jDesthole:-

l ' f- - Capacity- -- -—*?.--. ~-Ft e Pumping V^tcr Level — Ft,
Mr 11

Dril ler's Report;* 
@U25' limestone i 
with some wat.er.. 
f870' loss of a- 
bout 1,^00 gall­ 
ons of mud.

Penetration rate; 
w/ 77/8" soft bit 
fim-SOO* slow, • 
P878-879'= 5 rain/ 1 
ft.^200 Ibs pull'
-aown,
(rj920-921'=6.5 mir. 
/ft.f200 Ibs pull
-back.

Airlift test: 
3600' for 3 hours 
=abcut 65 GPM. ;

Well was screened 
arid developed for 
production use.

.4
.15° 5V

Kilometers

Elevations 
in meters

!.itho!-ogic Ds . ion

0-40' Loam,dark brown;5-20', 
35-40* w/abundant limestone i 
fragments,pale grey;20-35* ] 
loam is silty;w/some lime- j 
stone fragments.____________\
UO-375' Gravel,pale grey,ang-j 
ular to subangular;98/£ lime­ 
stone^ % loam;50-55* loam ! 
increases;170-200*,205-375' ! 
w/some black limestone;280- !
375' w/out loam.__________i

!
375-1000' tiiuestone ,pale grej<; 
aOO-570*,625-785* w/25% black 
limestone; 780-1000* w/9070 i 
black limestone. ;

(590-605*,690-700',825-830',! 
900-905',985-990' Sample mis^-

Sample 
missing
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CHEMICAL ANALYSES OF GROUND WATER, TABLE 7

All analyses were performed by the U.S. Geological Survey's Central 

Laboratory, Atlanta, Georgia.

Lab ID number is shown in the remarks column of well inventory 

table 5. Well numbers of table 5 are given here in the sample 

location entry.
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